THE COMPOSITION, ABUNDANCE, AND SEASONAL PERIODICITY OF PHYTOPLANKTON AT LAKE WINNIPESAUKEE, NEW HAMPSHIRE by YEO, HARRY WILLIAM
University of New Hampshire
University of New Hampshire Scholars' Repository
Doctoral Dissertations Student Scholarship
Summer 1971





Follow this and additional works at: https://scholars.unh.edu/dissertation
This Dissertation is brought to you for free and open access by the Student Scholarship at University of New Hampshire Scholars' Repository. It has
been accepted for inclusion in Doctoral Dissertations by an authorized administrator of University of New Hampshire Scholars' Repository. For more
information, please contact nicole.hentz@unh.edu.
Recommended Citation
YEO, HARRY WILLIAM, "THE COMPOSITION, ABUNDANCE, AND SEASONAL PERIODICITY OF PHYTOPLANKTON
AT LAKE WINNIPESAUKEE, NEW HAMPSHIRE" (1971). Doctoral Dissertations. 965.
https://scholars.unh.edu/dissertation/965
THE COMPOSITION, ABUNDANCE, AND SEASONAL 
PERIODICITY OF PHYTOPLANKTON AT LAKE 
WINNIPESAUKEE, NEW HAMPSHIRE
by
H. WILLIAM YEO 
B. S . ,  S p r in g f ie ld  C o l le g e ,  1956 
M .E d ., S p r in g f ie ld  C o l le g e ,  1959
A THESIS
S ubm itted  t o  th e  U n iv e rs i ty  o f  New H am pshire 
I n  P a r t i a l  F u l f i l lm e n t  of 
The R equirem ents f o r  t h e  Degree o f
D octo r o f p h ilo s o p h y  
G raduate s c h o o l  
D epartm ent o f  B o tan y  
J u ly ,  1971
t h e s i s  h as  been ex am in ed  and ap p ro v e d .
*
T h e s i s  d i r e c t o r ,  A rthur C. M a th ie so n  
A sso c .  P ro f .  o f  Botany
A lb io n  R. H odsdon , P ro f .  o f B o td n y
C h a r lo t t e  G. N a s t ^  P ro f .  o f B o ta n y  -  E m eritus
K ich a rd  W. S c l i r e i b e r ,  P ro f .  o f  Botany
Gordon B yers , p
7  -  « g r -  7 /
Dato
PLEASE NOTE:
Some Pages have  i n d i s t i n c t  
p r i n t .  F i lm ed  as r e c e iv e d .
U N I V E R S I T Y  M I C R O F I L M S
acknowledgements
I  e x p r e s s  my s i n c e r e  g r a t i t u d e  t o  th e  f o l l o w i n g  p e o p le  a t  t h e  
U n i v e r s i t y  o f  New H a m p sh ire  who h av e  made t h i s  s t u d y  p o s s i b l e :  D r .  A. C.
M a t h i e s o n  f o r  h i s  d i r e c t i o n  and v a l u a b l e  a s s i s t a n c e  d u r i n g  th e  s t u d y ;  Dr. 
P . J .  S aw y e r ;  D r. A, R .  Hodgdon, D r .  C . G. N a s t ,  an d  D r.  R. W. S c h r e i b e r  
f o r  a i d  i n  th e  p r e p a r a t i o n  and r e v i e w i n g  o f  th e  m a n u s c r i p t ;  Mr. G. L .  
B y e r s ,  D i r e c t o r  o f  t h e  New H am pshire W ate r  R e s o u rc e  R e s e a rc h  C e n t e r ;  Mr. 
B, J .  H u tc h in s o n  f o r  h i s  a i d  i n  t h e  p r e p a r a t i o n  o f  t h e  f i g u r e s ;  M r. D. C. 
Colem an f o r  h i s  e n e r g e t i c  and e n t h u s i a s t i c  a s s i s t a n c e  i n  th e  c o l l e c t i o n  
o f  f i e l d  d a t a .  I  am e s p e c i a l l y  g r a t e f u l  t o  th e  f a c u l t y  and s t a f f  o f  th e  
D e p a r tm e n t  o f  B o tany  o f  th e  U n i v e r s i t y  o f  Hew H a m p sh ire  f o r  t h e i r  e n c o u r­
a g e m e n t  and g u id an ce  a n d  f o r  th e  o p p o r t u n i t y  t o  u s e  t h e  f a c i l i t i e s  and 
e q u ip m e n t  o f  th e  d e p a r t m e n t .
T he  work upon w h ic h  t h i s  t h e s i s  i s  b ase d  was s u p p o r t e d  i n  p a r t  by 
fu n d s  p r o v id e d  by t h e  U n i te d  S t a t e s  D ep ar tm en t  o f  I n t e r i o r ,  O f f i c e  o f  
W a te r  R e s o u rc e s  R e s e a r c h ,  a s  a u t h o r i z e d  u n d e r  t h e  W a te r  R e s o u rc e s  A c t  o f  
1 9 6 4 ,  P u b l i c  Law 8 8 - 3 7 9 ,  th ro u g h  t h e  W ate r  R e s o u r c e s  R e s e a rc h  C e n t e r  o f  
t h e  U n i v e r s i t y  o f  New H am psh ire .
To my w ife ,  M a ry ,  f o r  h e r  p e r s i s t e n t  en c o u ra g e m e n t  and f o r  h e r  
p a t i e n c e  i n  th e  t y p i n g  o f  th e  m a n u s c r i p t .  L a s t l y ,  t o  th e  "S ev en "  who 
s e r v e d  a s  a  c o n s t a n t  i n s p i r a t i o n  f o r  t h e  c o m p le t io n  o f  t h i s  s t u d y .
TABLE OF CONTENTS
LIST OF TA BLES................................................................................................................................. V
LIST OF F I G U R E S ............................................................................................................................  Vi
ABSTRACT..................................................................................................................................................... v i i
INTRODUCTION ...................................................................................................................................... 1
M E T riO D S ...............................................................................................................................................  3
DESCRIFTIOII OF LAKE AND ENVIRONMENTAL FACTORS..........................................................  6
GENERAL COMPOSITION OF THE PHYTOPLA1TKTON FLORA  ................................................  9
piiytoplankton populations at individual s t a t i o n s ....................  n
.Alton Bay . .  . . ....................................................................    11
y /o lfo b o ro  Bay  ..................................................................................................................  13
V/eiro  ..................................................................................................  14
C e n te r  H a r b o r .......................................................................................................  15
V/ir.tor H a rb o r   ..................................    16
H o lv in  Bay  .............................     16
M eredith Bay....................................................................................................................  17
Paiicuc B a y ....................................................................................................................  17
THE CALCULATION OF PHYTOPLANXTON I'lDICES AND PROPOSED TROPHIC STATUS.OF
la k e v/t nmt pe s a u k eb , st a t i o n s 1 -8     18
DISCUSSION..........................................................................................................................................  20
SUMMARY AND CONCLUSIONS.............................................................................................................  29
BIBLIOGRAPHY ...................................................................................................................................... 32
TABLES....................................................................................................................................................  35
F I G U R E S ...............................................................................................................................................  61
LIST OF TA3LE3
I  P h y s i c a l  and c h e m ic a l  D a ta  a t  S t a t i o n s  1 - 8   ......................... 35
I I  P an ce  o f  n u t r i e n t  C o n c e n t r a t i o n s  a t  S t a t i o n s  1 -8  i n  m c/1  . . . .  36
I I I  S e a s o n a l  O c c u r r e n c e  o f  P h y to p la n k to n  a t  L ake  V /inn ipesaukeo  . . .  37
IV Combined M o n th ly  T o t a l s  i n  Numbers o f  S p e c i e s  P e r  C l a s s  a t
S t a t i o n s  1-if  .........................................................................................................53
V Combined M o n th ly  T o t a l s  i n  Numbers o f  S p e c i e s  p e r  C l a e s  a t
S t a t i o n s  5 - 8 ........................     yh
VI T o t a l  Number o f  S p e c i e s  p e r  C l a s s  a t  E ach  S t a t i o n ...............................55
V II  M on th ly  T o t a l s  o f  S p e c i e s  Found a t  Each S t a t i o n ....................................56
V I I I  P e r c e n t  C o m p o s i t io n  of T o t a l  C o l l s  p e r  C l a s s e s  a t  s t a t i o n s  1 -8  . 57
IX Summary o f  P h y to p l a n k to n  I n d i c e s  and P ro p o s e d  T ro p h ic  s t a t u s
o f  Lake Y / in n ip e s a u k e e ...................................................................................   55
X Summary o f  P h y to p l a n k to n  I n d i c e s  and P r o p o s e d  T ro p h ic  S t a t u s
f o r  S t a t i o n s  1 - 8   .............................   60
v
LIST OF FIGURES
1 . Hap o f  Lake Y /in n ip e sau k e o ,  Now H a m p s h i r e ....................
2 . M o n th ly  V a r i a t i o n  i n  Numbers o f  C e l l s  P e r  C l a s s  a t  
S t a t i o n  5 .................................................................................... ....
3 . M o n th ly  V a r i a t i o n  i n  Numbers o f  S p e c i e s  a t  M l  S t a t i o n s  , . .  .
4 . S e a s o n a l  V a r i a t i o n  i n  Numbers o f  S p e c i e s  P e r  C l a s s  
S t a t i o n  1 . . . . . . . . . .  ....................  . . . . .
a t
5. M o n th ly  V a r i a t i o n  i n  Numbers o f  C e l l s  P e r  C la s s  a t  
S t a t i o n  1 ........................................  . . . . . .  ....................
6. S e a s o n a l  V a r i a t i o n  in  Numbers o f  C e l l s  a t  S t a t i o n s 1 - 4 ....................
7 . S e a s o n a l  V a r i a t i o n  i n  Numbers o f  S p e c i e s  P e r  C l a s s  
S t a t i o n  2 . . . . . .  .................................................................
a t
Ou* M o n th ly  V a r i a t i o n  i n  Numbers o f  C o l l s  P e r  C la s s  a t  
S t a t i o n  2 . . . . . . . . . .  .........................  . . . .
9 . S e a s o n a l  V a r i a t i o n  i n  Numbers o f  S p e c i e s  p e r  C la s s  
S t a t i o n  3 . . . . . . . . . .  .............................................
a t
10. S e a s o n a l  V a r i a t i o n  i n  Numbers o f  S p e c i e s  P e r  C la s s a t
1 1 . M o n th ly  V a r i a t i o n  i n  Numbers o f  C e l l s  P e r  C l a s s  a t  
S t a t i o n  4 . . . . . . . . . . . . . . . . . . . .
12. M o n th ly  V a r i a t i o n  i n  Numbers o f  C e l l s  P e r  C l a s s  a t
1 3 . S e a s o n a l  V a r i a t i o n  i n  Numbers o f  C o l l s  a t  S t a t i o n s
— n5 - o ....................

















THE COMPOSITION, ABUNDANCE, AND SEASONAL 
PERIODICITY OF PHYTOPLANKTON AT LAKE 
WINNIPESAUKEE, NEW HAMPSHIRE 
by
H. WILLIAM YEO
The c o m p o s i t i o n ,  a b u n d a n c e ,  and  s e a s o n a l  p e r i o d i c i t y  o f  p h y t o p l a n k t o n  
a t  Lake W in n ip esa u k ee  w ere  d e t e r m in e d .  T ro p h ic  l e v e l s  were e v a l u a t e d  f o r  
t h e  e n t i r e  l a k e  and  f o r  e i g h t  i n d i v i d u a l  s t a t i o n s .  The s tu d y  a f f o r d e d  an 
o p p o r t u n i t y  t o  com pare t h e  t r o p h i c  l e v e l s  o f  Lake W in n ip esa u k ee  w i th  
Newfound and W innisquam  L a k e s .
M onth ly  c o l l e c t i o n s  w ere  made a t  f o u r  s t a t i o n s  ( A l to n ,  W o lfe b o ro ,  
W e i r s ,  and C e n t e r  H a rb o r )  from  J u l y  1969 to  A u g u s t  1 970 , w h i l e  f o u r  o t h e r  
s t a t i o n s  (W in te r  H a r b o r ,  M e lv in  B ay , M e r e d i th  B ay , and P augus  Bay) were 
s t u d i e d  d u r i n g  J u l y  t h r o u g h  A u g u s t  1 9 7 0 .  S am p les  o f  p h y to p l a n k t o n  were 
t a k e n  from t h r e e  t o  s i x  d e p t h s  a t  e a c h  s t a t i o n  w i t h  a  i f - l i t e r  Van Dorn 
w a te r  s a m p l e r .  W ate r  sa m p le s  w ere  a l s o  t a k e n  f o r  n u t r i e n t  a n a l y s e s  o f  
o r t h o p h o s p h a t e ,  t o t a l  p h o s p h a t e s ,  n i t r a t e - n i t r o g e n  and s i l i c o n  d i o x i d e .  
L i v i n g  m a t e r i a l s  w ere  u s e d  i n  t h e  i d e n t i f i c a t i o n  o f  t a x a  a t  e a c h  s t a t i o n .  
P h y to p la n k to n  c e l l  num bers  were d e t e r m in e d  u s i n g  an i n v e r t e d  m ic ro s c o p e  
and  f i x e d  m a t e r i a l s .
The d i f f e r e n c e s  i n  p h y t o p l a n k t o n  num bers a n d  n u t r i e n t  l e v e l s  were 
com pared  w i th  p r e v i o u s  r e c o r d s  a t  Y/innisquam an d  Newfound L a k e s .  The 
n u t r i e n t  l e v e l s  a t  V / in n ip esau k ee  w ere  i n  e x c e s s  o f  t h o s e  p r e v i o u s l y  r e ­
c o r d e d  f o r  Newfound and  W inn isquam , I t  a p p e a r s  t h a t  t h e  p r i m a r y  l i m i t i n g  
f a c t o r s  f o r  a l g a l  g ro w th  a t  W in n ip e s a u k e e  a r e  l i g h t  and t e m p e r a t u r e .
v i i
The s p e c i e s  c o m p o s i t io n  a t  t h e  d i f f e r e n t  s t a t i o n s  v/as d ep e n d e n t  upon 
t h e i r  t r o p h i c  l e v e l s .  The b l u e - g r e e n  a l g a e  w ere  t h e  d o m in an t  p h y t o p l a n k -  
t e r s  a t  a l l  s t a t i o n s ,  and  th e y  u s u a l l y  c o m p r is e d  th e  m a jo r  p o r t i o n  o f  t h e  
c e l l  c o u n t s .  The c o n c e p t  o f  p h y to p la n k to n  a s s o c i a t i o n s  v/as u s e f u l  i n  
e v a l u a t i n g  t h e  t r o p h i c  l e v e l  o f  Lake W in n ip e s a u k e e .  A l th o u g h  d o m in a te d  
by a  E u t r o p h i c  Myxophycean P l a n k t o n ,  t h e r o  w ere  o l i g o t r o p h i c  p h y to p la n k to n  
a s s o c i a t i o n s  a l s o  e v i d e n t .
The a p p l i c a t i o n  o f  t h e  p h y to p la n k to n  q u o t i e n t  c o n c e p t ,  t o  th e  
i n d i v i d u a l  s t a t i o n s  p r o v i d e d  a  m c s o t ro p h lc  r a t i n g  f o r  t h e  W e ir s ,  W in te r  
H a rb o r ,  M e r e d i th , ,  and P au g u s  Bay S t a t i o n s  w h i l e  A l t o n ,  W o lfe b o ro ,  M e lv in  
Bay and C e n t e r  H a rb o r  w ere  c a t e g o r i s e d  as e u t r o p h i c .  A c o l l e c t i v e  i n t e r ­
p r e t a t i o n  o f  t h e  r e p r e s e n t a t i v e  p h y to p la n k to n  a s s o c i a t i o n s ,  a l s o  
i n d i c a t e d  m eso tro p h y  a s  t h e  t r o p h i c  l e v e l  o f  t h e  o v e r a l l  l a k e .  The m o s t  
s t r i k i n g  ex a m p le s  o f  e u t r o p h y  were found  a t  t h e  W o lfeb o ro  and M elv in  Bay 
S t a t i o n s .
v l i i
INTRODUCTION
D u r in g  th e .  p a s t  f i v e  y e a r s  e x t e n s i v e  s t u d i e s  h av e  b ee n  made o f  
p h y t o p l a n k t o n  p o p u l a t i o n s  a s s o c i a t e d  w i t h  d i f f e r e n t  l e v e l s  o f  w a te r  
q u a l i t y  i n  two b o d i e s  o f  w a te r  i n  New H am p sh ire  (Newfound and W innisquam  
L a k e s ) . One p a p e r  d e a l i n g  w i t h  a p a r t  o f  t h i s  work h a s  b een  p u b l i s h e d  
(G r u e n d l i n g  and  M a th i e s o n ,  1 9 6 9 ) and a n o t h e r  h a s  b een  s u b m i t t e d  f o r  
p u b l i c a t i o n  ( G r u e n d l in g  and  M a th i e s o n ,  i n  p r e s s ) .  I n  b o t h  i n s t a n c e s ,  an 
a t t e m p t  was made to  e v a l u a t e  t h e  i n t e r r e l a t i o n s h i p s  b e tw e e n  th e  co m p o s i­
t i o n ,  p e r i o d i c i t y  and  abu n d an ce  o f  p h y to p la n k to n  s p e c i e s  i n  r e l a t i o n  t o  
n u t r i e n t  l e v e l s  a t  Newfound and  Winnisquam L a k e s ,  W ith  t h e  c o n t i n u e d  
i n t e r e s t  and s u p p o r t  o f  th e  W a te r  R e s o u rc e s  R e s e a rc h  C e n t e r  o f  t h e  
U n i v e r s i t y  o f  New H a m p sh ire ,  p h a s e  I I  o f  t h e  above p r o j e c t  was im p le m e n t­
ed a t  L ake  W in n ip e s a u k e e .
S c e n ic  s p l e n d o r  i s  u n q u e s t i o n a b l y  t r u e  o f  Lake W in n ip e s a u k e e .  I n  
f a c t ,  t h e  A q u ed o c tan  and C hocoruan  I n d i a n s  c a l l e d  t h e  l a k e  " B e a u t i f u l  
W ate r  i n  a  H igh  P l a c e "  o r  W in n ip e sa u k e e  ( B l a i s d e l l ,  19 3 6 )*  The l a k e  i s  
s u r r o u n d e d  by m o u n ta in s .  The B e lk n a p s  a r e  t o  th e  S o u th w e s t ,  th e  O s s ip e e  
Range i s  t o  t h e  N o r th  and  t h e  famed W hite  M o u n ta in s  l i e  t o  t h e  N o r th w e s t  
( G o l d t h w a i t  e t  a l . ,  1951)♦ "The O l d e s t  Sumner R e s o r t  i n  A m erica"  i s  
l o c a t e d  i n  W o lfe b o ro .  Lake W in n ip e sa u k e e  h a s  l o n g  b ee n  a  f i s h e r m a n ' s  
p a r a d i s e ,  a b o a t e r ' s  h a v e n ,  and  a  key  s u b j e c t  f o r  a r t i s t s  and p h o to ­
g r a p h e r s  a l i k e .  The economic im p o r ta n c e  o f  Lake W in n ip e sa u k e e  i s  
im m e a s u re a b le  i n  te rm s  o f  r e a l  e s t a t e  d e v e lo p m e n t ,  r e c r e a t i o n a l  
a p p l i c a t i o n s ,  and  t o u r i s t  r e v e n u e .
The o b j e c t i v e s  o f  t h i s  s t u d y  were a s  f o l lo w s ;  ( 1 )  t o  c o n t r i b u t e  t o
o u r  u n d e r s t a n d i n g  o f  New H am p sh ire  L a k e s ;  ( 2 )  t o  b e t t e r  i n t e r p r e t  w a te r
q u a l i t y  c h a r a c t e r i z a t i o n  i n  t e rm s  o f  b i o l o g i c a l  i n d i c a t o r s ;  (3 )  t o  e x t e n d
1
and im prove  t h e  usage o f  p h y to p l a n k t o n  q u o t i e n t s ;  (if) t o  a l l o w  a  more 
f u n c t i o n a l  u n d e r s t a n d i n g  o f  t h e  r o l e  o f  n u t r i e n t s  and  p h y to p l a n k t o n  
g ro w th ;  (5 )  t o  com pare and  c o n t r a s t  s p e c i e s  c o m p o s i t io n ,  p e r i o d i c i t y ,  and 
abu n d an ce  o f  a l g a l  p o p u l a t i o n s  r e c o r d e d  a t  Newfound and  W innisquam L ak es  
w i th  t h o s e  a t  Lake W in n ip e s a u k e e .
3METHODS
M o n th ly  c o l l e c t i o n s  were made a t  Lake W in n ip e s a u k e e  from  J u l y  l ^ ,  
1969 t o  A u g u s t  2 6 ,  1 9 7 0 ,  e x c l u s i v e  o f  t h e  p e r i o d s  o f  i c e  f o r m a t i o n  and  
i c e - o u t .  F o u r  s t a t i o n s  w ere  i n i t i a l l y  e s t a b l i s h e d  a t  A l to n  B ay ,  W olfe ­
b o ro  B ay, t h e  W e ir s ,  an d  C e n t e r  H a r b o r ,  and  t h e y  were r e t a i n e d  t h r o u g h o u t  
t h e  p r o j e c t  ( F i g ,  1 ) .  F o u r  o t h e r  s t a t i o n s  ( W in te r  H a rb o r ,  M e lv in  Bay, 
M e r e d i th  B ay ,  and P a u g u s  Bay) v/ere added  f o r  t h e  m onths o f  J u l y  t h ro u g h  
A u g u s t  o f  1 9 7 0 .  The e i g h t  s t a t i o n s  were s e l e c t e d  on th e  p r e m i s e  t h a t  
d i f f e r e n t  t r o p h i c  l e v e l s  c o u ld  be  fo u n d  i n  t h e  same l a k e .
A i f - l i t e r  Van Dorn W ater  S a m p le r  was u s e d  t o  t a k e  6 s a m p le s  ( 1 ,  3 ,
5 ,  1 0 ,  1 5 , and  20 m e t e r s )  a t  e a c h  s t a t i o n .  T w e n ty - f iv e  ml s u b s a m p le s  
w ere  c o l l e c t e d  from e a c h  d e p th  f o r  p h y t o p l a n k t o n  e n u m e r a t io n ;  t h e s e  v/ere 
im m e d ia te ly  p r e s e r v e d  w i t h  t h r e e  d r o p s  o f  a c i d  L u g o l ' s  s o l u t i o n .  One 
l i t e r  s u b s a m p le s  w ere  a l s o  ta k e n  from  t h e  5 m e t e r  d e p th  a t  e a c h  s t a t i o n  
f o r  n u t r i e n t  a n a l y s i s .  The s a m p le s  were t h e n  p l a c e d  i n  p o ly p r o p y le n e  
b o t t l e s  and  r e f r i g e r a t e d  f o r  l a b o r a t o r y  a n a l y s i s .  The t e c h n i q u e s  o f  Wood 
e t  a l .  (1 9 6 7 )  were u s e d  to  m easu re  n i t r a t e  l e v e l s .  O r th o p h o s p h a te  l e v e l s  
v/ere d e t e r m in e d  u s i n g  t h e  m ethods  o f  Murphy and  R i l e y  ( 1962) ,  T o t a l  
p h o s p h o ro u s  l e v e l s  w ere  e v a l u a t e d  u s i n g  t h e  m e th o d s  o f  M enzel  and Corwin 
( 1 9 6 5 ) .  The h a n d l i n g  o f  s i l i c a t e  a n a l y s i s  v/as a s  o u t l i n e d  i n  S t r i c k l a n d  
an d  P a r s o n s  ( I 9 6 0 ) .
L i g h t  p e n e t r a t i o n  was d e t e r m in e d  w i t h  a  W h itn ey  U n d e rw a te r  L i g h t  
M e te r  (M odel LMD-8A ) ; t h e  one p e r c e n t  t r a n s m i s s i o n  l e v e l  was r e c o r d e d .  A 
Model TC-5 T h e r m i s t o r ,  a l s o  from W hitney  U n d e rw a te r  I n s t r u m e n t s ,  was u s e d  
t o  d e t e r m in e  w a te r  t e m p e r a t u r e s  and  t h e  r e l a t i v e  e x t e n t  o f  t h e  e p i l i m n i o n  
an d  h y p o l im n io n  l a y e r s .
D i s s o l v e d  oxygen ( i n  p a r t s - p e r - m i l l i o n )  was d e te r m in e d  f o r  each
4d e p th  ( 1 ,  3 ,  5 ,  1 0 ,  15» and  20m) u s i n g  a  m o d i f i c a t i o n  o f  t h e  W in k le r  
T e c h n iq u e  d e v i s e d  by Hach C h em ica l  Company, I t  i n c o r p o r a t e s  t h e  u s e  o f  
pow der p i l l o w s  w h ich  g r e a t l y  e x p e d i t e s  t h e  p r o c e s s .  F r e e  C02 was d e t e r ­
m ined  by u s i n g  p h e n o l p h t h a l e i n  a s  an i n d i c a t o r  and t i t r a t i n g  w i t h  II//*!* 
NaOH. B i c a r b o n a t e s  were d e t e r m in e d  u s i n g  m e th y l  o ra n g e  a s  an i n d i c a t o r  
and  t i t r a t i n g  w i t h  N/50 H2S0^ to  a  sa lm on  p in k  end p o i n t .  Tho volume 
(m l) o f  t i t r a t i n g  a g e n t  u s e d  ( b o t h  N /44 NaOH and N /50 H ^ O ^ )  t im e s  10 
e q u a le d  th e  p a r t s  p e r  m i l l i o n  o f  f r e e  C02 o r  HCO^ a l k a l i n i t y .  The l a t t e r  
two t e s t s  v/ere made i n  N e s s l e r  Tubes w i t h  100ml s a m p le s  (A n o n . ,  1 9 6 1 ) ,  A 
BecJcnan pH ra o te r  was u sed  i n  t h e  d e t e r m i n a t i o n  o f  pH v a l u e s  f o r  e a c h  o f  
t h e  abovo d e p t h s .
A #25 T u r t o x  P la n k t o n  N et was em ployed  i n  m aking v e r t i c a l  h a u l s  (20 
m e t e r s  i n  d e p th )  a t  e a c h  s t a t i o n  i n  o r d e r  t o  c o n c e n t r a t e  l i v i n g  p h y to ­
p l a n k t o n  f o r  i d e n t i f i c a t i o n .  The s am p le s  v/ere r e f r i g e r a t e d  and  r e t u r n e d  
t o  t h e  l a b o r a t o r y .  The p h y to p l a n k t o n  w ere  en u m era ted  a c c o r d i n g  t o  th e  
i n v e r t e d  m ic ro s c o p e  t e c h n i q u e  o u t l i n e d  by Lund, K i p p l i n g ,  and Le C ren
( 1 9 5 8 ) ,  u s i n g  a  U n i t r o n  i n v e r t e d  m ic ro s c o p e  (Model 3 i - 4 7 7 7 ) • A one ml 
u n c o n c e n t r a t e d  sam p le  was added  t o  a  s e d i m e n t a t i o n  t u b e ,  a l lo w e d  t o  
s e t t l e  f o r  15 h o u r s ,  and th e n  c o u n t s  v/ere made o f  t h e  t o t a l  number o f  
c e l l s  p e r  s p e c i e s  u n d e r  200X m a g n i f i c a t i o n .
The i d e n t i f i c a t i o n  o f  most o rg a n is m s  was made from  l i v i n g  s a m p le s ,  
e x c e p t  f o r  t h e  n a n n o p la n k to n  w h ich  w ere  t r e a t e d  by s e d i m e n t a t i o n  o f  f i x e d  
s a m p le s .  The t e x t s  o f  S m ith  (1 950) and  P r e s c o t t  (1 9 5 1 )  v/ore c h i e f l y  u sed  
f o r  g e n e r i c  d e s i g n a t i o n s .  ,s p e c i f i c  i d e n t i f i c a t i o n s  w ere  o b t a i n e d  from 
v a r i o u s  s o u r c e s  a s  f o l l o w s :  B o u r r e l l y  ( 1 9 5 7 ,  1 9 6 8 ) ,  B o y er  ( 1 9 1 6 ) ,  B ra n d t
and  A p s tc in  (196!*), C lev e  ( 1 3 9 4 ) ,  C l e v e - E u l e r  ( 1 9 3 2 ) ,  C r o a s d a lo  ( 1 9 3 5 ) ,  
D e s ik a c h a r y  ( 1 9 5 9 ) ,  D ro u e t  ( 1 9 6 3 ) ,  D ro u e t  and  D a i ly  ( 1 9 5 6 ) ,  F o r e s t  ( 1 9 5 4 ) ,  
H u s t e d t  (1 9 3 0 ) ,  I r e n i e - M a r i e  ( 1 9 3 8 ) ,  P a lm e r  (1959) R a l f s  ( I 848) ,  Randhav/a
(1 9 5 9 )*  T i l d e n  (1 9 1 0 ) ,  u h e r k o v ic h  ( 1966 ) ,  Van H eu rck  (1 8 9 6 ) ,  W est and 
F r i t s c h  ( 1 9 2 7 ) ,  W h i t fo r d  an d  S chum acher  (1 9 6 9 )*  and  W olle  ( 1 8 8 7 ) ,  1 8 9 2 ) .  
A v a r i e t y  o f  o t h e r  r e f e r e n c e s  l i s t e d  i n  G r u e n d l in g  an d  MathieGOn ( 1969) 
w e re  a l s o  em p lo y ed .
DESCRIPTION OF LAKE AND ENVIRONMENTAL FACTORS
L ake W in n ip e sa u k e e  i s  l o c a t e d  a t  a p p r o x im a te ly  if3°27* to
l a t i t u d e  and  7 1 03 0 , t o  71°10* l o n g i t u d e  ( F i g .  1 ) .  I t  h a s  an a r e a  o f
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1 8 ,0 0 0  h e c t a r e s  o r  180 Ion , a  maximum d e p t h  o f  51 m e t e r s ,  and  i t  i s  t h e  
s e c o n d  l a r g e s t  l a k e  i n  New E n g la n d  ( F r e y ,  1 9 6 3 ) .  The l o n g  a x i s  o f  t h e  
l a k e  l i e s  i n  a  n o r t h w e s t  t o  s o u t h e a s t  d i r e c t i o n ,  w hich  was t h a t  o f  t h e  
P l e i s t o c e n e  g l a c i a l  s c o u r  ( G o l d t h w a i t ,  e t  a l . ,  1 9 5 1 ) .  The g l a c i a t i o n  
im p a c t  e a s i l y  e ro d e d  th e  weak D evon ian  b e d r o c k  o f  medium t o  c o a r s e  
g r a i n e d  Kinsman Q u a r t z  M o n zo n i te  and W in n ip esa u k ee  Q u a r tz  D i o r i t e  
( B i l l i n g s ,  1 9 5 6 ) .  The lo w e r  P au g u s  and A l t o n  Bay a r e a s  d i f f e r  i n  t h a t  
t h e y  a r e  u n d e r l a i n  by m ic a c e o u s  q u a r t z i t e  a n d  c o a r s e  g r a i n e d  m ica  s c h i s t .  
Lake  W in n ip e s a u k e e * s  r a g g e d  p e r i p h e r a l  c o n f i g u r a t i o n  i s  a  r e s u l t  o f  t h i s  
g l a c i a l  e x c a v a t i o n  o f  weak b e d r o c k  a r e a s  and  d eep  p r e g l a c i a l  w e a t h e r i n g  
( G o l d t h w a i t ,  e t  a l . ,  1951) and  i t  may be s a i d  t o  be a  c o m p o s i te  o f  t h e  
r o c k  b a s i n  and d r i f t  dammed l a k e  ty p e s  (H o o v e r ,  1 9 3 8 ) .
D e te r m i n a t io n s  o f  t h e  p h y s i c a l - c h e m i c a l  c h a r a c t e r i s t i c s  o f  Lake 
W in n ip e sa u k e e  showed i t  t o  be a  s o f t  w a te r  l a k e  w i th  m e th y l  o ra n g e  a l k a l ­
i n i t y  v a l u e s  r a n g i n g  from 6 . 0  -  1 1 .6  ppm a n d  a  pH r a n g e  o f  7 .  -  7.Zf 
( T a b le  I ) .  No p h e n o l p h t h a l e i n  a l k a l i n i t y  was d e t e c t e d  an d  f r e e  C02 
v a l u e s  r a n g e d  from  1 - 6  ppm ( T a b le  I ) .  Oxygen v a l u e s  r a n g e d  from 4 . 6  -  
1 6 .2  ppm w i th  r a r e  r e c o r d i n g s  u n d e r  7 ppm, p e c u l i a r  t o  a  few 20m s a m p le s  
o f  l a t e  summer ( T a b le  I ) .
The maximum s u r f a c e  w a te r  t e m p e r a t u r e s  ( 2 6 .5  -  2 9 .3 ° C )  were r e c o r d e d  
d u r i n g  J u l y  and  A u g u s t  ( T a b le  I ) .  I n  S e p te m b e r ,  th e  s u r f a c e  t e m p e r a t u r e s  
d i m in i s h e d  r a p i d l y  a s  d i d  t h o s e  f o r  3 ,  5* and  10m l e v e l s ;  by O c to b e r  13* 
th e  u p p e r  10m w ere  i s o t h e r m a l .  By O c to b e r  27* th e  e n t i r e  w a te r  co lum n 
was i s o t h e r m a l  a t  13»6°C . D u r in g  J a n u a ry  t o  March 1 9 7 0 ,  t h e  t e m p e r a t u r e s
u n d e r  t h e  i c e  r a n g e d  from 1 . 9  -  2 .6 ° C ,  and a  s l i g h t  i n v e r s e  s t r a t i f i c a ­
t i o n  was e v i d e n t .  I c e  c o v e r  r a n g e d  from  60 -  75c ni, and  i c e - o u t  o c c u r r e d  
A p r i l  2 8 .  The s p r i n g  o v e r t u r n  th e n  o c c u r r e d ,  t h e  w a t e r  t e m p e r a t u r e s  
i n c r e a s e d  r a p i d l y ,  and t h e r m a l  s t r a t i f i c a t i o n  was e s t a b l i s h e d  by mid May. 
A t t h e  t im e s  o f  h i g h e s t  s u r f a c e  v /a te r  t e m p e r a t u r e s ,  s t r a t i f i c a t i o n  was 
e v i d e n t  a t  a l l  s t a t i o n s .  The h y p o l im n io n  t e m p e r a t u r e s  r a n g e d  from 7 .5  -  
17°C .
The s e a s o n a l  v a r i a t i o n  o f  l i g h t  p e n e t r a t i o n  (1?S o f  th e  s u r f a c e  l i g h t )  
showed a  d e f i n i t e  c o r r e l a t i o n  be tw een  th e  t o t a l  p h y t o p l a n k t o n  c r o p  and t h e  
d e p t h  o f  l i g h t  p e n e t r a t i o n .  As th e  t o t a l  p h y t o p l a n k t o n  i n c r e a s e d ,  th e  
l i g h t  p e n e t r a t i o n  d im in i s h e d  and v i c e  v e r s a .  The 1% l i g h t  p e n e t r a t i o n  
r a n g e d  from 13 -  19m i n  J u n e  ( a t  a l l  s t a t i o n s )  t o  a  m in im a l  r a n g e  o f  
5 -  12m u n d e r  t h e  i c e  i n  F e b r u a r y  ( T a b le  I ) .  The i c e  c o v e r  (6 0  -  7 5 c m .) ,  
p l u s  t h e  e v e r  v a r y in g  am ounts  o f  snow ab o v e ,  g r e a t l y  r e d u c e d  l i g h t  
p e n e t r a t i o n  d u r i n g  t h e  w i n t e r  m o n th s .  The g r e a t e s t  number o f  p h y t o p l a n k ­
to n  f o r  a l l  s t a t i o n s  o c c u r r e d  a t  t h e  W e ir s  in  A u g u s t  1969 ( F i g .  2 ) ,  and i t  
was acco m p an ied  by a  d ro p  i n  t h e  1% l i g h t  p e n e t r a t i o n  p o i n t  from  a  J u l y  
r e a d i n g  o f  19m t o  13m i n  A u g u s t .  W ith  s l i g h t  v a r i a t i o n s ,  l i g h t  
p e n e t r a t i o n  g e n e r a l l y  d e c r e a s e d  from J u n e  t i l l  i c e - o u t ,  a t  w h ich  t im e  i t  
i n c r e a s e d  a g a i n .  I n c r e a s e d  p a r t i c u l a t e  m a t t e r  from  r u n - o f f ,  l a k e  
t u r n o v e r ,  p o l l e n  a c c u m u l a t io n ,  and w ind t u r b u l e n c e  u n d o u b te d ly  c o n t r i b u t e d  
t o  l o w e r  l i g h t  p e n e t r a t i o n .
N u t r i e n t  l e v e l  d e t e r m i n a t i o n s  f o r  W in n ip esa u k ee  i n d i c a t e d  s i m i l a r  
s e a s o n a l  t r e n d s  a t  each  s t a t i o n ,  w i th  t h e  v a r i a t i o n s  b e in g  p r i m a r i l y  i n  
a m o u n t ,  p h o s p h a t e  l e v e l s  r a n g e d  from .0 4  -  1 , 0  rag/1 a t  S t a t i o n s  1 - 4  
( T a b le  I I ) , w i t h  p e a k s  o c c u r r i n g  i n  J u l y  and A u g u s t  and  m in im a l  v a l u e s  i n  
w i n t e r .  The p h o s p h a te  p e a k s  o f  3 9 .2  mg/1 a t  M e r e d i t h  Bay and 1 . 3 8  a t
P au g u s  Bay c o n t r i b u t e d  t o  h i g h e r  mean v a l u e s  (1 0  and  . 6  mg/1 r e s p e c t i v e l y )  
a t  S t a t i o n s  7 and 8 t h a n  a t  S t a t i o n s  1 - 4  (mean v a l u e s  o f  .1  -  . 3  m g /1 ) .
O r th o p h o s p h a te  l e v e l s  were a l s o  h i g h e s t  i n  J u l y  and  A u g u s t ;  t h e y  
r a n g e d  from  .0 8  -  3 . 7 3  m s/1  a t  S t a t i o n s  1 - 4  w i t h  mean v a l u e s  o f  . 2  -  , 8
( T a b le  I I ) .  S i m i l a r  t r e n d s  were a p p a r e n t  a t  S t a t i o n s  5 -  8 ,  e x c e p t ,  f o r
t h e  h i g h e r  summer mean (1 3  mg/1) a t  M e r e d i th  Bay ( T a b le  I I ) .  M in im al 
o r t h o p h o s p h a t e  v a l u e s  w e re  t y p i c a l  o f  t h e  w i n t e r  s a m p le s .
The s i l i c a t e  d a t a  i n d i c a t e d  s m a l l  p ea k s  i n  J u l y  and  A u g u s t  (u p  t o  
4 . 3  m g /1 ) ,  w i t h  a b r i e f  d e c l i n e  i n  S e p te m b e r .  The s i l i c a t e  l e v e l s  th e n  
r o s e  p r o g r e s s i v e l y  to  m axim al l e v e l s  i n  F e b r u a r y  t h r o u g h  J u n e .  The 
m axim al s i l i c a t e  l e v e l s  r a n g e d  from 3 . 6  mg/1 a t  C e n t e r  H a r b o r ,  t o  8 . 4  a t  
A l t o n  Bay and  t h e  W e i r s ,  and 1 5 .6  a t  W o lfeb o ro  Bay ( T a b le  I I ) .  T h e r e a f t e r ,  
t h e s e  m axim al l e v e l s  u s u a l l y  p e r s i s t e d  u n t i l  May, and  t h e n  g r a d u a l l y  f e l l
u n t i l  J u n e .  S t a t i o n s  5 - 3  e x h i b i t e d  a  s i m i l a r  p a t t e r n  o f  s i l i c a t e s  i n
t h e  summer m o n th s ,  e x c e p t  f o r  one u n u s u a l l y  h ig h  r e a d i n g  o f  2 8 ,8  mg/1 i n  
J u l y  a t  M e lv in  Bay ( T a b le  I I ) .  The s i l i c a t e  mean v a l u e s  f o r  a l l  s t a t i o n s  
r a n g e d  from .8  -  2 , 8  m g /1 ,  e x c e p t  f o r  M elv in  Bay w hich  a v e ra g e d  1 2 .5  
( T a b le  I I ) .
The h i g h e s t  n i t r a t e  l e v e l s  f o r  W in n ip e sa u k e e  d e v e lo p e d  from J u l y  to  
A u g u s t  1969* and  J a n u a r y  t h ro u g h  M arch 1 970 . The a v e r a g e  n i t r a t e  l e v e l s  
a t  S t a t i o n s  1 -  4 c l o s e l y  a p p ro x im a te d  each  o t h e r  h a v in g  a  ra n g e  o f  .5  -  
. 6  m g /1 ,  ( T a b le  I I ) .  The mean v a lu eG  o f  n i t r a t e s  a t  S t a t i o n s  5» 61 and  8 
, w ere  s i m i l a r  w i th  a  r a n g e  o f  .4  -  .6  mg/1 ( T a b le  I I ) .  S t a t i o n  7 ( M e r e d i th  
Bay) had  a  mean v a lu e  o f  o n ly  0 . 1  mg/1 ( T a b le  I I ) .
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A t o t a l  o f  if53 t a x a  o f  p h y to p la n k to n  were i d e n t i f i e d  a t  Lake 
W in n ip e s a u k e e .  A l i s t i n g  o f  t h e  i n d i v i d u a l  s p e c i e s  and  t h e i r  s e a s o n a l  
o c c u r r e n c e  a t  e a c h  s t a t i o n  i s  sum m arized  i n  T a b le  I I I .  The C h lo ro p h y c e a e  
p r o v id e d  t h e  g r e a t e s t  d i v e r s i t y  o f  o rg a n is m s  w i t h  237 t a x a ;  91 o f  t h e  
g r e e n  a l g a e  w ere  d esm ld s  an d  115 w ere  members o f  t h e  C h l o r o c o c c a l e s .  The 
B a c i l l a r i o p h y c e a e  c o m p r is e d  th e  se c o n d  l a r g e s t  c l a s s  o f  a l g a e  w i th  83 
s p e c i e s ;  73 o f  w hich  b e lo n g e d  t o  t h e  P e n n a le s  and  10 t o  t h e  C e n t r a l e s .  
A l th o u g h  th e  C y anophyceae  r a n k e d  t h i r d  i n  num bers o f  s p e c i e s  w i th  6 8 ,  
t h e i r  c e l l  c o u n t s  f a r  ex ceeded  a l l  o t h e r  c l a s s e s .  The o t h e r  m a jo r  compo­
n e n t s  o f  t h e  p h y t o p l a n k t o n  f l o r a  w ere  a s  f o l l o w s :  C h ry so p h y ceae  ( 5k
s p e c i e s ) ,  D in o p h y ceae  (1 7  s p e c i e s ) ,  C ry p to p h y c e a e  ( if s p e c i e s ) , E u g le n o -  
p h y co a e  (if s p e c i e s ) ,  and X a n th o p h y c eae  (6 s p e c i e s ) .
T a b le s  IV and  V i n d i c a t e  t h e  com bined  m o n th ly  t o t a l  i n  num bers o f  
s p e c i e s  p e r  c l a s s  a t  S t a t i o n s  1 -  if and  5 - 3  r e s p e c t i v e l y .  The 
C h lo ro p h y c e a e  w ere  t h e  d o m in an t  c l a s s  th r o u g h o u t  t h e  s t u d y ;  t h e  C yanophy­
c e a e  u s u a l l y  r a n k e d  s e c o n d .  The B a c i l l a r i o p h y c e a e  and C h ry so p h y ceae  
g e n e r a l l y  r a n k e d  t h i r d  an d  f o u r t h  i n  num bers o f  s p e c i e s ,  w h i le  th e  
D in o p h y c e a e ,  C r y p to p h y c e a e ,  E u g le n o p h y c e a e ,  and X a n th o p h y c eae  r e s p e c t i v e l y ,  
made r e l a t i v e l y  s m a l l  c o n t r i b u t i o n s .
The m o n th ly  v a r i a t i o n  i n  num bers  o f  s p e c i e s  a t  a l l  s t a t i o n s  i s  shown 
I n  F ig u r e  3 .  S t a t i o n s  1 -  if com bined  had  a  r a n g e  o f  203 s p e c i e s  i n  J u l y  
1969 t o  71 i n  F e b ru a ry  1 9 7 0 ;  t h e r e a f t e r ,  t h e  num bers  o f  s p e c i e s  
p r o g r e s s i v e l y  i n c r e a s e d  a g a i n  t o  200 i n  A u g u s t ,1 9 7 0 .  S t a t i o n s  5 - 8  
r a n g e d  from 159 i n  J u n e  1970 to  222 i n  A ugust 1 9 7 0 .
As s u g g e s t e d  e a r l i e r ,  t h e  C yanophyceae  u s u a l l y  d o m in a te d  th e  
p h y t o p l a n k t o n  i n  num bers o f  c e l l s  a t  a l l  s t a t i o n s .  Some o f  t h e  b l u e —g r e e n
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a l g a e  t h a t  w ere  p r e s e n t  i n  g r e a t e s t  abundance  were P o l y c y s t i s  a e r u g i n o s a . 
P o l y c y s t i s  i n c e r t a , C o e lo s p h a e r iu m  n a e g e l i a n u m . Q s c l l l a t o r i a  a n g u s t i s s i m a , 
C o e lo s p h a e r iu m  p a l l i d u m ,  G om phosphae ria  l a c u s t r i s , A phanocapsa  e l a c h i s t a . 
G o m p h o sp h ae r ia  l a c u s t r i s  v a r .  c o m p a c ta , and A p h an o th ece  n i d u l a n s .
A l th o u g h  o t h e r  s p e c i e s  made s i z e a b l e  c o n t r i b u t i o n s ,  t h e y  v/ere  uncommon i n  
c o m p a r iso n  w i t h  t h e  ab o v e  b l u e - g r e e n s .  Few er b l u e - g r e e n  s p e c i e s  were 
i n v o l v e d  i n  t h e  C yanophycean  dom inance i n  num bers  o f  c e l l s  d u r i n g  t h e  f a l l  
an d  w i n t e r  s e a s o n s  t h a n  d u r i n g  t h e  s p r i n g  and  summer.
C h lo ro p l iy c ean  s p e c i e s  w ere  u s u a l l y  t h e  s e c o n d  l a r g e s t  c o n t r i b u t o r s  t o  
t h e  p h y t o p l a n k t o n  a t  e a c h  s t a t i o n ,  p r i m a r i l y  b e c a u s e  o f  t h e i r  g r e a t  
s p e c i e s  d i v e r s i t y .  The g r e e n  a l g a e  e x c e p t  f o r  G l o e o c y s t i s  v e s i c u l o s a  and 
B o t ry o c o c c u s  b r a u n i i  w ere  r a r e l y  dom inan t  p h y t o p l a n k t e r s  i n  t e r m s  o f  
num bers  o f  c e l l s .  The l a t t e r  two s p e c i e s  a p p e a r e d  i n  c o m p a r a t i v e l y  h ig h  
num bers  a t  a l l  s t a t i o n s  d u r i n g  t h e  summer. B o t ry o c o c c u s  b r a u n i i  had  p ea k  
n um bers  of  .3 9  x  10^ c e l l s / 1  i n  S ep tem b er  1969 a t  A l to n  w h i l e  peal-: num bers 
o f  .2 6  x  10^ c e l l s / 1  o f  G l o e o c y s t i s  v e s i c u l o s a  were r e c o r d e d  i n  A ugust 
1970 a t  th e  W e i r s .  The l a t t e r  c o u n t s  may b e  com pared Y/ith t h o s e  o f  two 
d o m in a n t  b l u e - g r e e n s ,  p o l y c y s t i s  a e r u g i n o s a  and  G om phosphae ria  l a c u s t r i s  
v a r .  co m p ac ta ,  w hich  had  h ig h  c e l l  c o u n t s  o f  4«07 x  10^ c e l l s / 1  i n  
O c to b e r  1969 a t  W o lfeb o ro  and 2 . 1 8  x  10° c e l l s / 1  i n  A u g u s t  a t  t h e  W eirs  
r e s p e c t i v e l y .  A l th o u g h  t h e  l a t t e r  c o u n t s  Y/ere u n u s u a l l y  h i g h ,  t h e y  ex­
e m p l i f i e d  t h e  i m p o r t a n t  c o n t r i b u t i o n  o f  t h e  b l u e - g r e e n  a l g a e  t o  t h e  
p h y t o p l a n k t o n .  Two o t h e r  ex am p le s  o f  g re e n  a l g a e  w hich  were d o m in an t  
p h y t o p l a n k t o n  com ponen ts  w ere  a s  f o l lo v /s ;  A c t i n a s t r u m  h a n t z s c h i i  v a r .  
f l u v i a t i l e  w i t h  a  c o u n t  o f  . 4  x 10^ c e l l s / 1  i n  J u l y  1970 a t  W o lfe b o ro  and  
U l o t h r i x  v a r i a b i l l s  w i th  .4 1  x  10^ c e l l s / 1  i n  A u g u s t  1970 a t  t h e  W e ir s .
P i c t y o s p h a e r i u m  p u l c h e l l u m . 3 o t r y o c o c c u s  p r o t u b e r a n s  v a r .  m in o r , and  
C r u c i g e n i a  t r u n c a t a  v/ere o c c a s i o n a l l y  a b u n d a n t .
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The C h ry so p h y ce an  r e p r e s e n t a t i v e s  s u c h  a s  c h r y s o s p h a e r e l l a  
l o n g t s p i n a , D in o b ry o n  d i v e r g e n s , R h l z o c h r y s i s  l i m n e t i c a , and  U r o g l e n o p s i s  
a m e r i c a n a  were a b u n d a n t  d u r i n g  J u l y  t o  S e p te m b e r ,  The g o ld e n  brown a l g a ,  
D in o b ry o n  s e r t u l a r i a  v a r ,  p r o t u b e r a n s , and d ia to m s  s u c h  a s  H e l o s i r a  
am biG ua. T a b e l l a r i a  f e n e s t r a t a ,  A s t e r i o n e l l a  fo r m o s a , F r a g i l l a r i a  
c r o t o n e n s i s , and  C y c l o t e l l a  com ta  t h e n  became m a jo r  p h y t o p l a n k t o n  compo­
n e n t s  t h r o u g h o u t  t h e  w i n t e r .  The p e a k  num bers  o f  d ia to m s  o c c u r r e d  d u r i n g  
D e c e m b e r - J a n u a ry  and M ay -Ju n e .
The C h ry so p h y ce an  f l o r a  was m ost a b u n d a n t  a t  C e n t e r  H a rb o r  and  P augus  
Bay, H r o g l e n o p s i s  a m e r ic a n a  and  D inobryon  d i v e r g e n s  c o n t r i b u t e d  .4 5  and 
.0 3 5  x 10^ c e l l s / 1  r e s p e c t i v e l y  a t  C e n t e r  H a rb o r  d u r i n g  J u l y  1969*
Phi z o c h r v s l s  l i m n e t i c a  c o n t r i b u t e d  .1 3 3  X 10^ c e l l s / 1  i n  A u g u s t  a t  C e n te r  
H a rb o r  and com bined  w i th  t h e  l a t t e r  two a l g a e  t o  make t h e  C h ry so p h y c e a e  
t h e  s e c o n d  l a r g e s t  c o n t r i b u t o r  o f  c e l l s .  The c e l l  c o u n t  o f  U r o g le n o p s i s  
a m e r ic a n a  r o s e  t o  ,7 1  x 10^ c o l l s / 1  i n  O c to b e r ;  a  co m p a ra b le  c o u n t  
o c c u r r e d  i n  Novem ber, U r o g l e n o p s i s  a m e r i c a n a , D in o b ry o n  d iv e rG e n s  and 
R h i z o c h r y s i s  l i m n e t i c a  w ere  p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  C h ry so p h y ce an  
p e a k s  r e c o r d e d  a t  C e n t e r  H a rb o r  from J u l y  th r o u g h  November 1 9 6 9 . The 
C h ry so p h y ce an  p e a k  a t  P augus  Bay was d o m in a te d  by D in o b ry o n  b a v a r i c u n  and 
U r o g le n o p s i s  a m e r i c a n a . An u n p r e c e d e n te d  p u l s e  o f  2 .0 1  x  10^ c e l l s / 1  o f  
C h r y s o s p h a e r e l l a  l o n g i s p i n a  o c c u r r e d  i n  AuGust 1970 ,
PHYTOPLANKTON POPULATIONS AT 
INDIVIDUAL STATIONS 
A l to n
A t o t a l  o f  259 t a x a  o f  a l g a e  w ere  i d e n t i f i e d  from  A l to n  Bay ( T a b le  
V I ) .  The members o f  t h e  C h lo ro p h y c e a e  w ere  t h e  d o m in an t  c l a s s ,  b e in g  
r e p r e s e n t e d  by 118 t a x a  ( T a b le  V I ) .  The C yanophyceae  and  t h e  B a c i l l a r i o -
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p h y c e a e  f o l lo w e d  w i t h  49 and 44 s p e c i e s  r e s p e c t i v e l y  ( T a b le  V I ) .  T a b le  
V I I  I n d i c a t e s  th e  t o t a l  number o f  s p e c i e s  p e r  month a t  e a c h  s t a t i o n .
A l to n  Bay h ad  a  maximum o f  116 s p e c i e s  i n  J u l y  1 9 6 9 1 a  g e n e r a l  d e c l i n e  t o  
35 i n  M arch and  th e n  a  p r o g r e s s i v e  r i s e  t h e r e a f t e r .  F i g u r e  4 shows t h e  
s e a s o n a l  v a r i a t i o n  i n  num bers  o f  G p e c ie s  p e r  c l a s s .  The C h lo ro p h y c e a e  had  
a  maximum o f  4-8 s p e c i e s  i n  S ep tem b e r  1969 and  a  minimum o f  8 i n  M arch 1970 
( w h i l e  u n d e r  i c e  c o v e r ) .  The b l u e - g r e e n s  e x h i b i t e d  a h i g h  o f  2? t a x a  i n  
J u l y  1969 a n d  a  low  o f  11 i n  May 1 9 7 0 .  The B a c i l l a r i o p h y c e a e  v/ere m ost 
num erous i n  J a n u a r y  1970  w i t h  27 s p e c i e s ;  o n ly  10 were found  i n  M arch .
F i g u r e  3 shows t h e  m o n th ly  v a r i a t i o n  i n  num bers o f  c e l l s  p e r  c l a s s ,  
e x p r e s s e d  a s  t h e  mean c o u n t  f o r  a l l  d e p th s  s a m p le d .  The C yanophyceae 
d o m in a ted  w i t h  a  maximum o f  5 . 9  x  10^ c e l l s / l  i n  S ep tem b e r  1969 and  a 
minimum o f  .3 5  x  10^ i n  F e b r u a r y  1 9 7 0 .  The C h lo ro p h y c e a e  r a n g e d  from  a 
h i g h  o f  ,6 5  x  10^ c e l l s / 1  i n  S ep tem b e r  t o  a  low  o f  ,0 2 7  x 10^ i n  March 
1 9 7 0 .  A p u l s e  o f  ,4 6 7  x  10S c e l l s / 1  i n  J a n u a r y  1970 was t h e  h ig h  f o r  t h e
g
B a c i l l a r i o p h y c e a e ;  t h e i r  minimum was .0 6 8  x  10 i n  M arch 1 9 7 0 .  The 
C h ry so p h y ce ae  o c c a s i o n a l l y  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  t o t a l  p h y to ­
p l a n k t o n ;  a  maximum o f  . 7 9 4  x  10^ c e l l s / 1  b e in g  r e c o r d e d  i n  A u g u s t  1969 .
A minimum o f  .0 0 6  x  10°  c e l l s / 1  was r e c o r d e d  i n  March 1 970 .
The C ry p to p h y c e a e  was t h e  f i f t h  l a r g e s t  c l a s s ,  h a v in g  a r a n g e  o f  
,0 if7  x  10^ c e l l s / 1  i n  A u g u s t  1969 t o  .0 0 2  x  10^ i n  F e b r u a r y  1 9 7 0 .  The 
D in o p h y c e a e ,  E u g le n o p h y c e a e ,  and X a n th o p h y c eae  c o n t r i b u t e d  l i t t l e  to  th e  
num bers o f  c e l l s .
T a b le  V I I I  g i v e s  t h e  m o n th ly  p e r c e n t  c o m p o s i t io n  o f  t o t a l  c e l l s  p e r  
c l a s s  a t  S t a t i o n s  1 - 8  and  th e  a v e r a g e  y e a r l y  p e r c e n t  c o m p o s i t io n  o f  
e a c h  c l a s s .  The a v e r a g e  y e a r l y  p e r c e n t  o f  B a c i l l a r i o p h y c e a e  was 13%, 
v /h i le  t h e  more d i v e r s e  C h lo ro p h y c e a e  c o m p r is e d  6.3% and  t h e  C h ry so p h y ce ae  
7.255 o f  t h e  t o t a l  p h y t o p l a n k t o n .  The C yanophyceae  c o m p r is e d  a p p r o x im a te ly
73% o f  t h e  y e a r l y  p h y to p l a n k t o n  c o m p o s i t io n .  The f o u r  r e m a i n in g  c l a e s e s  
com bined  o n ly  r e p r e s e n t e d  . 5$  o f  t h e  c e l l  c o u n t  a t  A l to n  Bay.
The s e a s o n a l  v a r i a t i o n  i n  num bers o f  c e l l s  f o r  S t a t i o n s  1 -  2* i s
i n d i c a t e d  i n  F i g u r e  6 . A maximum o f  7 .3 7  x  10^ c e l l 3/ l  was n o te d  f o r
£
A u g u s t  1969* w i t h  a  minimum o f  .6 6 7  x  10 i n  M arch 1970 ( u n d e r  i c e  
c o v e r ) .
Wolf e b o ro
The g r e a t e s t  s p e c i e s  d i v e r s i t y  was found  a t  W o lfe b o ro  ( T a b le  V I ) .  A 
t o t a l  o f  283 t a x a  were i d e n t i f i e d ,  c o m p r is e d  o f  138 C h lo ro p h y c e a e ,  55 
B a c i l l a r i o p h y c e a e ,  2*6 C y an o p h y ceae ,  2? C h ry s o p h y c e a e ,  7 D in o p h y c e a e ,  2* 
C ry p to p h y c e a e  and E u g le n o p h y c e a e ,  and 2 X a n th o p h y c e a e ,  A maximum o f  127 
t a x a  was i d e n t i f i e d  i n  A u g u s t  1969* a s  c o n t r a s t e d  to  2*6 i n  F e b ru a r y  1970 
(T a b le  V I I ) .  S l i g h t  f l u c t u a t i o n s  o c c u r r e d  from J u l y  t h ro u g h  O c to b e r ,
T h e re  was a  g e n e r a l  d e c r e a s e  i n  th e  num ber o f  t a x a  w i t h  t h e  a d v e n t  o f  
w i n t e r ;  t h e r e a f t e r ,  t h e r e  was a  s t e a d y  r i s e  a f t e r  i c e - o u t .  The 
C h lo ro p h y c e a e  r a n g e d  from 51 t a x a  i n  J u l y  1969 to  12* i n  F e b r u a r y ;  t h e i r  
num bers  th e n  r o s e  a g a in  t o  61 i n  A ugust 1970 ( F i g .  7 ) •  The C yanophycean 
s p e c i o s  r a n g e d  from  33  i n  J u l y  and  A u g u s t  o f  19o9 t o  5 i n  F e b r u a ry  1970; 
s u b s e q u e n t l y  t h e y  r o s e  a g a in  t o  25 i n  A u g u s t  1970 ( F i g .  7 ) .  The B a c i l ­
l a r i o p h y c e a e  an d  C h ry so p h y c e a e  ro u n d e d  o u t  th e  f o u r  l a r g e s t  c o n t r i b u t o r s  
i n  s p e c i e s  sho w in g  a  co m p arab le  s e a s o n a l  c y c l e  l i k e  t h a t  found  a t  A l to n  
Bay.
Once a g a in  t h e  C yanophycean  c e l l  c o u n t  u s u a l l y  ex ceed ed  a l l  o t h e r  
c l a s s e s ,  a  maximum o f  8 .9 9  x  10^ c e l l s / 1  was fo u n d  i n  S ep tem b e r  1969 w i th  
a  low  o f  .02*7 x  10^ i n  F e b r u a r y  1970 ( F i g .  8 ) .  I n  c o n t r a s t  t h e  C h lo ro p h y -  
cean  t o t a l  c e l l  c o u n t  r a n g e d  from  .8 9 3  x  10^ c e l l s / 1  i n  J u l y  1969 t o  .0 5 5  
x  10^ i n  May 1970 ( F i g .  3 ) .  A p u l s e  o f  .8 2 9  x  10^ c e l l s / l  i n  J a n u a r y  1970
l i f
was t h e  m axim al f o r  t h e  B a c i l l a r i o p h y c e a e ;  a  low  o f  ,0 3 7  x  10^ o c c u r r e d  
i n  A ugust  1970 (F ie *  8 ) .  A p u l s e  o f  .5 3 6  x  10^ c e l l s / 1  o f  C h ry so p h y ce ae  
was e v i d e n t  i n  A ugus t  1969 and a n o t h e r  o f  .6 8 1  x  10^ i n  A u g u s t  1970 
( F i g .  8 ) .  At t h e  t im e s  o f  th e s e  A u g u s t  p u l s e s ,  t h e  C h ry so p h y ce ae  r a n k e d  
t h i r d  i n  t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  c e l l  n u m b ers ,  b e h in d  th e  Cyano­
p h y ce ae  and C h lo ro p h y c e a e  r e s p e c t i v e l y .  The r e m a i n in g  a l g a l  c l a s s e s ,  by 
c o m p a r i so n ,  c o n t r i b u t e d  m in im a l ly  b o t h  t o  s p e c i e s  d i v e r s i t y  and  t o  c e l l  
n u m b ers .  The p e r c e n t  o f  t o t a l  c e l l s  p e r  c l a s s  was b a s i c a l l y  s i m i l a r  t o  
t h a t  o f  A l to n  Bay ( T a b le  V I I I ) .  The l a r g e s t  p h y t o p l a n k t o n  c o u n t  f o r  
W olfeboro  was 9 .9 7  x  10^ c e l l s / l  i n  S ep tem b er  1969 ; a  minimum o f  ,/j.36 x  
10^ was r e c o r d e d  i n  F e b r u a r y  1970 ( F i g .  6 ) .
W e ir s
The s p e c i e s  d i v e r s i t y  a t  t h e  W e ir s  S t a t i o n  was b a s i c a l l y  s i m i l a r  t o  
S t a t i o n s  1 and  2 ,  e x c e p t  f o r  th e  r e d u c e d  number o f  d ia to m s  ( T a b le  V I ) .
Two h u n d red  and  f o r t y - s i x  t a x a  w ere  i d e n t i f i e d .  The C h lo ro p h y c e a e  domi­
n a t e d  th e  p h y to p l a n k t o n  i n  t o t a l  s p e c i e s  ea ch  month  ( F i g .  9 ) •  The 131 
a l g a l  t a x a  i d e n t i f i e d  d u r i n g  A ugust  1969 was t h e  h i g h e s t  m o n th ly  r e c o r d  
f o r  any s t a t i o n  ( T a b le  V I I ) .  The maximum number o f  G p e c ie s  e v i d e n t  
d u r i n g  i c e  c o v e r  was a l s o  found a t  t h e  W oirs  ( T a b le  V I I ) .  A l th o u g h  th e  
p r o p o r t i o n  o f  s p e c i e s  p e r  c l a s s  a p p r o x im a te s  t h a t  o f  o t h e r  s t a t i o n s ,  t h e r e  
a r e  some n o t i c e a b l e  v a r i a n c e s  i n  t o t a l  c e l l  num bers ( F i g .  6 ) .  F o r  ex a m p le ,  
one may n o te  t h e  l a r g e s t  t o t a l  c e l l  num bers r e c o r d e d  f o r  t h e  p r o j e c t  
( i . o .  1 3 .6  x  10^ c e l l s / l  i n  A ugust 1 9 6 9 ) .  Once a g a in  t h e  C yanophyceae  
c o n t r i b u t e d  t h e  m a jo r  p o r t i o n  o f  t h e  t o t a l  c e l l  c o u n t  w i th  1 2 ,2 9  x 10^ 
c e l l s / l ,  th e  h i g h e s t  i n d i v i d u a l  c l a s s  c o u n t  f o r  t h e  e n t i r e  p r o j e c t  ( F i g .
2 ) .  The B a c i l l a r i o p h y c e a e ,  a s  a t  o t h e r  s t a t i o n s ,  e x h i b i t e d  a  J a n u a r y  p u l s e  
o f  .8 5 5  x  10°  c e l l s / l  ( F i g .  2 ) .  The l a t t e r  v/as t h e  h i g h e s t  d ia to m  c o u n t
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a t  any s t a t i o n .  The d ia to m s  a t  t h i s  s t a t i o n  a v e r a g e d  12% o f  t h e  y e a r l y  
t o t a l  p h y to p la n k to n  ( T a b le  V I I I ) . The a v e ra g e  y e a r l y  c o n t r i b u t i o n  o f  
b l u e - g r e e n s  was 74%» w h i l e  th e  g r e e n s  c o n t r i b u t e d  6%, and th e  g o l d e n -  
browns 7 .5% .
Though t h e  J a n u a r y  d ia to m  p u l s e  was t h e  h i g h e s t  r e c o r d e d  a t  any 
s t a t i o n ,  i t  o n ly  r e p r e s e n t e d  17.2% o f  t h e  c e l l s  o f  p h y to p la n k to n  t h a t  
m onth . I n  c o n t r a s t ,  a  s m a l l e r  p o p u l a t i o n  o f  d ia to m s  r e c o r d e d  d u r i n g  Ju n e  
1970 a t  t h e  W eirs  c o n t r i b u t e d  44.6% o f  t h e  m o n th ly  c e l l  num bers  (com pare  
F i g .  2 and  T a b le  V I I I ) .
The C h ry so p h y ce an  im p a c t  on t h e  t o t a l  c e l l  c o u n t ,  a s  a t  t h e  o t h e r  
s t a t i o n s ,  was u s u a l l y  g r e a t e s t  i n  May an d  Ju n e  when i t  c o m p r ise d  12 -  36% 
o f  t h e  p h y t o p l a n k t o n  a t  t h e  W e ir s  ( T a b le  V I I I ) . A C h ry so p h y cean  c o u n t  o f  
.2 5 6  x  1 0 °  c e l l s / l  i n  J u n e  o f  1970 a c c o u n te d  f o r  24% o f  t h e  t o t a l  p h y to ­
p l a n k t o n .
C e n t e r  H a rb o r
Of t h e  233 t a x a  fo u n d  a t  C e n t e r  H a r b o r ,  103 were C h lo ro p h y c e a e ,  t h e  
f e w e s t  s u c h  s p e c i e s  r e c o r d e d  f o r  S t a t i o n s  1 - 4  ( T a b le  V I ) • A maximum o f  
104 s p e c i e s  was fo u n d  i n  November 1969 and a  minimum o f  59 i n  March 1970 
(T a b le  V I I ) .  The u s u a l  C h lo ro p h y c e a n  dom inance  o f  s p e c i e s  ( F i g .  10) was 
c o r r e l a t e d  a s  i n  t h e  c a s e  o f  t h e  C yanophyceae  w i t h  t o t a l  c e l l  numbers 
( F i g .  1 1 ) .
The h i g h e s t  c e l l  c o u n t  o f  B a c i l l a r i o p h y c e a e  was r e c o r d e d  d u r i n g  May 
1970 ( . 3 9 9  x  106 c e l l / 1 )  and  i t  r e s u l t e d  i n  30% o f  t h e  t o t a l  p h y to p la n k to n  
(com pare  F i g .  11 and T a b le  V I I I ) .  T h u s ,  t h e  B a c i l l a r i o p h y c e a e  were 
u s u a l l y  t h e  s e c o n d  l a r g e s t  com ponent i n  num bers o f  c e l l s  ( F i g .  1 1 ) .  The 
a v e ra g e  y e a r l y  c o n t r i b u t i o n  o f  C h ry so p h y ce an  a l g a e  was 14% a s  c o n t r a s t e d  
w i th  12% f o r  t h e  W o lfeb o ro  S t a t i o n ,  7.5% f o r  t h e  W e i r s ,  and  7.2% f o r
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A lto n  Bay ( T a b le  V I I I ) .  The May 1970 C h ry so p h y cean  c o u n t  o f  x  10
c e l l s / l  e q u a l l e d  32% o f  t h e  p h y to p la n k to n  (com pare  F i g .  11 and T a b le  
V I I I ) .  A l th o u g h  t h e  g o ld e n -b r o w n s  e x e r t e d  a  s t r o n g  i n f l u e n c e  ( p e r c e n t a g e -  
v/ise)  from  May th r o u g h  A u g u s t  a t  W o lfe b o ro ,  t h e  t o t a l  num bers n e v e r  
e x c eed e d  t h o s e  a t  C e n t e r  H a rb o r  (com pare  T a b le  V I I I  an d  F i g .  1 1 ) .  The 
s e a s o n a l  v a r i a t i o n  i n  num bers  o f  c e l l s  a t  C e n te r  H a rb o r  r a n g e d  from  a 
h ig h  o f  6 .1 3  x  10^ c e l l s / l  i n  O c to b e r  1969 to  a low o f  .6 9 7  x  10^ i n  
March 1970 ( F i g ,  6 ) ,  T h u s ,  C e n te r  H a rb o r  v/as th e  l e a s t  p r o d u c t i v e  o f  th e  
f o u r  m a jo r  s t a t i o n s  i n  te rm s  o f  t o t a l  p h y t o p l a n k t o n .  I t  a l s o  e x h i b i t e d  
t h e  lo v /e s t  s p e c i e s  d i v e r s i t y ,  w i th  a  m in im a l  number o f  g re e n  a l g a e  (T a b le  
VI) .
W in te r  H a rb o r
S t a t i o n s  5 - 3  c a n n o t  be f a v o r a b l y  com pared v / i th  S t a t i o n s  1  -  i*
b e c a u s e  t h e i r  s t u d y  en co m p assed  o n ly  t h e  summer o f  1 9 7 0 .  Even s o ,  th e
same g e n e r a l  d i s t r i b u t i o n  o f  s p e c i e s  p e r  c l a s s  e x i s t e d  a t  Y / in te r  H a rb o r
( S t a t i o n  3) f o r  th e  180 t a x a  ( T a b le  V I ) .  The b l u e - g r o e n  s p e c i e s  e x c eed e d
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t h e  more d i v e r s e  g r e e n s  i n  t e rm s  o f  num bers  o f  c e l l s  w i t h  3 .5 9  x  10 
c e l l s / l  i n  J u l y  ( F i g .  12) o r  82.1% o f  t h e  t o t a l  c e l l  c o u n t  ( T a b le  V I I I ) .
The B a c i l l a r i o p h y c e a e  composed t h e  se c o n d  g r e a t e s t  p o r t i o n  o f  t h e  p h y to ­
p l a n k t o n  m aking  up 35% i n  J u n e  and 10.2% i n  J u l y  ( T a b le  V I I I ) .  A p u l s e  o f  
.6 5 9  x  10 c e l l s / l  o f  C h ry s o p h y c e a e  i n  A ugust  ( F i g .  12) p ro d u c ed  t h e  
s ec o n d  l a r g e s t  p o r t i o n  o r  16% ( T a b le  V I I I )  o f  th e  t o t a l .  B l u e - g r e e n  c e l l s  
e q u a l l e d  6^.6%  o f  t h e  p h y t o p l a n k t o n  d u r i n g  t h e  summer, g r e e n s  6 . 4%, d ia to m s  
16.6% and g o ld e n -b ro w n s  12% ( T a b le  V I I I ) .  The J u l y  c o u n t  was t h e  g r e a t e s t  
r e c o r d e d  w i t h  (f.33 X 106 c e l l s / l  ( F i S .  1 3 ) .
M e lv in  Bay
M elv in  Bay ( S t a t i o n  6) had  th e  f e w e s t  s p e c i e s  f o r  s t a t i o n s  5 - 8  w i th
l ? i f  t a x a  ( T a b le  V I I ) .  The b l u e - g r e e n s  c o n t r i b u t e d  5*f.6% o f  t h e  t o t a l  
p h y t o p l a n k t o n  c e l l  n u m b ers ,  an d  t h e  C h ry s o p h y c e a e ,  C h lo r o p h y c e a e ,  and 
B a c i l l a r i o p h y c e a e  1 7 . 7 f 1 5 .3 *  a n d  11.6% r e s p e c t i v e l y  (T a b le  V I I I ) .  A
g
C h ry so p h y cean  p u l s e  o f  .3 2 6  x  10 c e l l s / l  ( F i g .  12) a c c o u n te d  f o r  36% 
( T a b le  V I I I )  o f  t h e  Ju n e  p h y t o p l a n k t o n .  The d ia to m s  w i th  .2 ^ 5  x  10^ 
c e l l s / 1  ( F i g .  12) made up 27 .2% , th e  g r e e n s  23%, an d  t h e  b l u e - g r e e n s  
12.1%  o f  t h e  J u n e  p h y to p l a n k t o n  (T a b le  V I I I ) .  As a t  o t h e r  s t a t i o n s ,  th e  
b l u e - g r e e n s  w ere  t h e  p r im a ry  p h y to p l a n k t o n  com ponent d u r i n g  A u g u s t ,  com­
p o s i n g  78.1% o f  t h e  t o t a l  c e l l  c o u n t  ( T a b le  V I I I ) .  The l a r g e s t  number o f  
C h lo ro p h y c e a n  s p e c i e s  r e c o r d e d  d u r i n g  t h e  s t u d y  was found  i n  A u g u s t  a t  
M e lv in  Bay, H ow ever,  t h e  62 s p e c i e s  o f  g r e e n s  ( F i g .  l*f) c o m p r is e d  o n ly  
9% o f  th e  t o t a l  p h y to p la n k to n  ( 6 .8 7  x  10^ c e l l s / 1 ) .  Compare T a b le  V I I I  
and  F ig u r e  13 f o r  t h i s  i n t e r p r e t a t i o n .
M e r e d i th  Bag
One h u n d re d  a n d  s e v e n t y - f i v e  t a x a  o f  p h y to p l a n k t o n  were fo u n d  a t  
M e r e d i th  Bay ( T a b le  V I ) .  The B a c i l l a r i o p h y c e a e  w i th  . 4.90 x  10^ c e l l s / 1  
( F i g .  12) made up and th e  C h ry so p h y ce ae  29% o f  t h e  Ju n e  p h y to p la n k to n  
(T a b le  V I I I ) .  The b l u e - g r e e n s  d o m in a ted  i n  num bers o f  c e l l s  d u r i n g  J u l y  
( F i g .  1 2 ) .  i n  A u g u s t ,  th e y  e q u a l l e d  82.5% ( T a b le  V I I I )  o f  t h e  p h y to p la n k ­
to n  w i t h  a  c o u n t  o f  4*99 x  10^ c e l l s / 1  ( F i g .  1 2 ) .  An A ugust  p u l s e  o f  .6 5 9  
x  10^ c e l l s / 1  o f  C h ry so p h y ce ae  ( F i g .  12) r e s u l t e d  i n  10% ( T a b le  V I I I )  o f  
t h e  p h y t o p l a n k t o n ;  th e  ro m a in d e r  was p r i m a r i l y  composed o f  C yanophycean  
c e l l s .  The maximum p h y to p la n k to n  c o u n t  r e c o r d e d  was 6 .0 3  x  10^ i n  A ugust 
1970 ( F i g .  1 3 ) .
Paugus  Bay
Paugus Bay h ad  th e  l a r g e s t  number o f  t a x a  (1 8 6 )  o f  s t a t i o n s  5 - 8  
(T a b le  V I ) .  I n  a d d i t i o n ,  i t  h ad  th e  g r e a t e s t  p h y to p la n k to n  c o u n t s  o f  t h e
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l a t t e r  s t a t i o n s  w i th  6.9*1- X 10 c o l l s / 1  i n  J u l y  ( F i g .  1 3 ) .  The C yanophy- 
coae  com posed 58?$ o f  t h e  t o t a l  p h y to p la n k to n  d u r i n g  t h e  summer ( T a b le
V I I I ) .  A s t r o n g  p u l s e  o f  C h ry so p h y ce ae  ( i . e .  2 .1 2  x  10^ c e l l s / 1 )  
a c c o u n te d  f o r  3 O.IJ0 o f  th e  A u g u s t  p h y to p l a n k t o n  ( F i g .  1 1 ) .
CALCULATION OF PHYTOPLANKTOIT INDICES 
The t r o p h i c  l e v e l  o f  V /in n lp esau k ee  was e v a l u a t e d  u s i n g  a  v a r i e t y  o f  
p h y to p la n k to n  i n d i c e s  s u c h  a s  t h e  C h lo ro p h y c e a n  Q u o t i e n t  o f  Thunmarl;
(1945)»  and t h e  1-lyxophycean, D ia to m , E u g l e n i n e ,  and  Compound Q u o t i e n t s  o f  
l ly g aa rd  ( 1 9 4 9 ) .  A summary o f  t h e  i n d i c e s 1 v a l u e s  and  th e  s u g g e s t e d  t r o p h i c  
l e v e l s  f o r  L ake V /in n ip esau k ee  and  f o r  e a c h  s t a t i o n  i s  found  i n  T a b le  IX 
and  X. S in c e  summer i s  th e  more o p t im a l  g ro w th  t im e  f o r  g r e e n  and  b l u e -  
g re o n  a l g a e ,  l ly g aa rd  f e l t  t h a t  a l l  o f  t h e  i n d i c e s  w ere  b e s t  a p p l i e d  d u r i n g  
June  t h r o u g h  A u g u s t ,  w i t h  t h e  e x c e p t i o n  o f  t h e  Diatom  In d e x .
A summary o f  t h e  q u o t i e n t s  and t h e i r  i n t e r p r e t a t i o n s  i s  a s  f o l lo w s ;
QUOTIENT
C h lo ro p h y c e a n  =
C h l o r o c o c c a l e s
D esm id iaco ao
Myxopliyccon =
Myxophyceae
D e sm id ia c e a e
Diatom  =
C e n t r a l e s
P e n n a l e s
E u g le n in e  -





Myxo. + C h lo ro p h y c e a e  
Compound =
< 0 . 4
< 0 . 3
<0.2
0 . 1  -  3 . 0
> 0 . 3
0 . 0  -  1 . 0
Myxo. » C h l o r .  + C e n t .  + E u g le n .  „  Q 




The above I n d i c e s  wero a p p l i e d  t o  t h e  t o t a l  s p e c i e s  fo u n d  th r o u g h o u t  
t h e  p r o j e c t ,  t o  w i n t e r  (D ia tom  I n d e x ) ,  and  t o  summer s p e c i e s  l i s t i n g s  f o r  
t h e  e n t i r e  l a k e  (T a b le  I X ) . F u r t h o r  a p p l i c a t i o n s  o f  t h e  p h y to p la n k to n  
q u o t i e n t s  were made on e a ch  o f  t h e  e i g h t  s t a t i o n s  s t u d i e d  (T a b le  X ) .  
V/heroas th e  i n d i c e s  f o r  S t a t i o n s  1 -  ^  r e p r e s e n t e d  t h e  com bined summer 
s p e c i e s  o f  1969 and  1 9 7 0 ,  t h o s e  f o r  t h e  more b r i e f l y  s t u d i e d  S t a t i o n s  5 -  
8 a r e  o n ly  f o r  t h e  J u n e  th r o u g h  A ugust l i s t i n g s  o f  1 970 .
The Diatom  and  E u g lc n o p h y te  I n d i c e s  when a p p l i e d  t o  t h e  e n t i r e  l a k e  
c h a r a c t e r i z e d  i t  a s  o l i g o t r o p h i c , th e  Compound I n d e x  i n d i c a t e d  a  m eso- 
t r o p l i i c  s t a t e ,  and th e  C h lo ro p h y cea n  and Myxophycean I n d i c e s  i n d i c a t e d  
e u t r o p h y  ( T a b le  I X ) . Use o f  t h e  f i v e  i n d i c e s  on i n d i v i d u a l  s t a t i o n s  
i n d i c a t e d  t h a t  A l to n  Day, Y /o lfcb o ro ,  and C e n te r  H a rb o r  wero b a s i c a l l y  
e u t r o p l i i c ,  w h i l e  t h e  W e ir s  was m e s o t ro p h ic  ( T a b le  I X ) .  A lth o u g h  S t a t i o n s  
5 - 8  were o n ly  e v a l u a t e d  f o r  one summer, t h r e e  o f  t h e  f i v e  i n d i c e s  
showed m e so tro p h y  a t  7/ i n t e r  H a r b o r ,  M e r e d i th  Day and P augus  Day; two 
i n d i c a t e d  M e lv in  Bay a s  b e in g  e u t r o p h i c ,  7 , 'hether r a t i n g  t h e  e n t i r e  Lake 
o r  t h e  i n d i v i d u a l  s t a t i o n s ,  t h e  f i v e  p h y to p la n k to n  q u o t i e n t s  c o l l e c t i v e l y  
i n d i c a t e d  a m e s o t r o p h ic  s t a t u s  f o r  Lake V 'in n ip e s a u k e o .  The Compound In d e x  
p r o v id e d  t h e  f a i r e r  e s t i m a t e  o f  t r o p h i c  s t a t u s ,  b e c a u s e  i t  i n c o r p o r a t e d  
t h e  f i v e  m a jo r  p h y to p la n k to n  com ponen ts  ( I . e .  M yxophyceae, c h l o r o c o c c a l e s ,  
C e n t r i c  d i a to m s ,  E u g le n o p h y c e a e ,  and D e s m id ia c e a e ) .  The C h lo ro p h y c e a n  
I n d e x  v a l u e s ,  w h i l e  g r e a t e r  th a n  1 i n  m ost c a s e s ,  w ere  b o r d e r l i n e  r a t i n g s .  
As s u c h ,  th e y  p r o v i d e d  f u r t h e r  c r e d e n c e  t o  a  m e s o t ro p h ic  r a t i o n  o f  Lake 
V / in n ip e sa u k e e ,
DISCUSSION
P r e s c o t t  (1 951) c a t e g o r i s e d  i n l a n d  l a k e s  a c c o r d i n g  t o  t h e i r  h y d r o -  
g r a p h ic  f e a t u r e s .  Lake V /inn ipesaukee  f i t s  v /e l l  i n t o  h i s  c a t e g o r y  o f  a 
s o f t  w a te r  d r a i n a g e  l a k e ;  t h a t  i s ,  one h a v in g  an i n l e t  and an  o u t l e t ,  and  
low  c a lc iu m  and h a l f - b o u n d  c a rb o n  d i o x i d e .  The l a k e  i s  s i m i l a r  t o  m ost 
t e m p e r a t e  l a k e s  i n  t h a t  i t  i s  d i n i c t i c  i n  n a t u r e ,  h a v in g  b o th  s p r i n g  and 
f a l l  o v e r t u r n s  ( P u t t n e r ,  1963)*
The o r i g i n  o f  L ake  V /in n ip esau k ee  p r o b a b ly  d a t e s  b ac k  t o  t h e  more r e c e n t  
W is c o n s in  G l a c i a t i o n  P e r i o d ,  t h e  e r o s i v e  im p a c t  o f  w h ich  r e s u l t e d  I n  t h e  
fo r m a t io n  o f  t h i s  r o c k  b a s i n n e d ,  d r i f t  dammed l a k e  ( G o l d t h w a i t ,  e t  a l . ,  
1931)*  F re y  (1963) c i t e d  c a lc iu m  v a l u e s  o f  2 ,7  and  3 . 9  Ppm f o r  Lake 
Y / in n ip e sau k o e ,  w hich  a g r e e d  w i t h  t h o s e  v a l u e s  r e c o r d e d  f o r  s e v e r a l  W iscon­
s i n  s o f t  w a te r  d r a i n a g e  l a k e s  ( P r e s c o t t ,  1 9 51)•  Few b l u e - g r e e n s  and 
num erous g re e n  a l g a l  s p e c i e s  w ere  c h a r a c t e r i s t i c  o f  m ost s o f t  w a te r  d r a i n ­
ag e  l a k e 3 s t u d i e d  by P r e s c o t t  ( 1 9 5 1 ) .  The some was t r u e  o f  V / in n ip e sa u k e e ,  
w h ich  had  Gu s p e c i e s  o f  b l u e - g r e e n  and 237 s p e c i e s  o f  g re e n  a l g a e .
P r e s c o t t  (1951) r e f e r r e d  t o  t h e  p h y to p la n k to n  s p e c i e s  o f  s o f t  w a te r  
d r a i n a g e  l a k e s  a s  s p a r s e .  He s u g g e s t e d  t h a t  th e  r e l a t i v e l y  h ig h  a v a i l a b l e  
t o t a l  n i t r o g e n  o f  s u c h  l a k e s  c o u ld  be c o u p le d  w i th  o t h e r  e s s e n t i a l  
n u t r i e n t s  and  m ig h t  r e s u l t  i n  g r e a t e r  p r o d u c t i v i t y ,  A c o m p a r iso n  was made 
be tw een  t h e  g re e n  and  b l u e - g r e e n  a l g a l  s p e c i e s  num bers o f  V / in n ip e sa u k e e ,  
and  t h o s e  p r e v i o u s l y  r e c o r d e d  f o r  L ak es  Newfound and  Winnlsquam (G ru o n d -  
l i n g  and  H a t h i e s o n ,  1 9 6 9 ) •  Newfound had  10 b l u e - g r e e n  and  /*3 g re e n  t a x a ,  
w h i l e  V/innisquam had  10 b l u e - g r e e n  and 93 g re e n  t a x a .  T h u s ,  i t  i s  s e e n  
t h a t  t h e  c o m p o s i t io n  o f  b l u e - g r e e n  and g r e e n  s p e c i e s  o f  t h e s e  t h r e e  l a k e s  
i s  s i m i l a r  t o  p r e v i o u s  f i n d i n g s  o f  P r e s c o t t  (1951) f o r  o t h e r  s o f t  w a te r  
d r a i n a g e  l a k e s .
An e x a m in a t io n  o f  th e  p h y s i c a l  and  c h e m ic a l  c h a r a c t e r i s t i c s  o f  Lake 
V /in n ip esau k ee  ( T a b le  I )  showed s i m i l a r  f i n d i n g s  t o  t h o s e  c i t e d  by 
G r u e n d l in g  and M a th ie s o n  ( i n  p r e s s ) .  Newfound and  V/innisquam L ak e s  had  
pH r a n g e s  o f  6 , 7  -  7 , 2  and 6 . 2  -  7*2 r e s p e c t i v e l y  w h i l e  th e  W in n ip esa u k ee  
pH ra n g e d  from 7 .0  -  7*4* The M ethy l  o ra n g e  a l k a l i n i t y  a t  V / in n ip e sau k e e  
r a n g e d  from  6 . -  1 1 .6  ppm co m p ar in g  f a v o r a b l y  w i th  t h e  5 . -  9 ,0  and 
5 . 0  -  1 1 ,0  ppm r e s p e c t i v e l y  f o r  Nev/found and  V/innisquam. The above  f i n d ­
i n g s ,  i n c l u d i n g  t h e  CO^ r a n g e  o f  1 -  6 ppm a t  V /inn ipesaukee  c o r r e s p o n d e d  
v r i th  P r e s c o t t ' s  ( 1 9 5 1 ) f i n d i n g s  a t  o t h e r  s o f t  w a te r  l a k e s .  Newfound Lake 
had  o v e r  90?i oxygen s a t u r a t i o n  th r o u g h o u t  t h e  w a te r  column and  n e v e r  had 
an  oxygen  d e f i c i e n c y  i n  t h e  h y p o l i n n i o n .  V /in n ip esau k ee  had am ple  oxygen 
( / f .6  -  1 6 .2  ppm) a t  a l l  d e p th s  th r o u g h o u t  t h e  y e a r  w h e rea s  Lake V/innisquam 
had  an oxygen d e p l e t i o n  i n  t h e  h y p o l i n n io n  d u r i n g  t h e  summer m o n th s .  The 
t e m p e r a t u r e  re g im e  a t  Newfound and V/innisquam was s i m i l a r  t o  t h a t  a t  
V / in n ip esau k ee  where t h e  m in im a l  v a lu e  was r e c o r d e d  b e n e a th  t h e  i c e  (1 ,9 ° C ) ,  
and  th e  maximum was fo u n d  i n  l a t e  summer ( 2 9 . 3 °C) -  a  t y p i c a l  p a t t e r n  o f  
m ost  t e m p e r a te  l a k e s .  The 1% l i g h t  t r a n s m i s s i o n  a t  V /in n ip o sau k ee  r a n g e d  
from  5 -  19m a t  S t a t i o n s  1 -  S .  S i m i l a r  v a l u e s  w ere  r e c o r d e d  a t  Newfound. 
How ever, th e  m axim al t r a n s p a r e n c y  (10m) a t  V /inn isquan  was much l e s s  th an  
a t  V /in n ip esau k o e ,
H u tc h in s o n  (1 9 5 7 )  r e l a t e s  t h e  n u t r i o n t  l e v e l s  o f  s o f t  w a te r  d r a in a g e
l a k e s  t o  t h e  s i z e  o f  t h e  d r a i n a g e  b a s i n ,  an d  t o  t h e  g e o c h e m ic a l  n a t u r e  o f
t h e  s u r r o u n d i n g  w a t e r s h e d .  S i n c e  Lake V /inn ipesaukee  h a s  a  s u r f a c e  a r e a  o f  
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180 1m ( F r e y ,  1965) and  i t  d r a i n s  b o th  s e d im e n ta r y  and  ig n e o u s  t y p e  ro c k  
( B i l l i n g s ,  1956) t h e  a d e q u a te  n u t r i o n t  l e v e l s  a ro  more e a s i l y  u n d e r s to o d .  
M ost o f  t h e  s i l i c a t e s ,  p h o s p h a t e s ,  and n i t r a t e s  o f  l a k e s  a r e  d e r i v e d  from 
t h e  s u r r o u n d i n g  m o u n ta in  r a n g e s  and  lo w la n d s  v i a  t h e  l e a c h i n g  p r o c e s s  o f  
w a t e r  r u n o f f  ( H u t c h in s o n ,  1 9 5 7 ) .
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The n u t r i e n t  c o n c e n t r a t i o n s  ( p h o s p h a t e s ,  o r t h o p h o s p h a t e s ,  s i l i c a t e s  
and n i t r a t e - n i t r o g e n )  found a t  V / in n ip e sau k e e  ex c eed e d  t h o s e  v a l u e s  r e ­
c o rd e d  a t  Newfound and  V/innisquam ( G r u e n d l in g  and M a th i e s o n ,  i n  p r e s s ) .
The n u t r i e n t s  w ere  n o t  l i m i t i n g  f a c t o r s  f o r  a l g a l  g ro w th ,  a s  s e e n  by th e  
m o n th ly  p h y to p la n k to n  p a t t e r n s  f o r  e a c h  s t a t i o n  (F iG S, 6 and 13) • The 
V/eirs and V /o lfeboro  S t a t i o n s  e x h i b i t e d  th e  g r e a t e s t  p r o d u c t i v i t y  o f  
S t a t i o n s  1 -  4 ,  w i t h  p e a k s  o f  1 3 .6  and  9 .9 6  x  10^ c o l l s / 1  r e s p e c t i v e l y  i n
A ugus t  .and S ep tem b er  o f  1969 ( F i g .  6) , The l a t t e r  v a l u e s  were much g r e a t e r
5
th a n  t h e  p ea k  v a lu e  r e p o r t e d  f o r  Newfound ( 1 2 , 7  x  10 ) i n  A ugust 1 9 6 6 ) ,  b u t
g
th e y  f e l l  f a r  s h o r t  o f  t h e  maximum v a lu e  o f  1 . 7  x 10 r e c o r d e d  i n  S ep tem b er  
1967 a t  V/innisquam L ake (G r u e n d l in g  and M a th ie s o n ,  i n  p r e s s ) .  The l a t t e r  
c o u n t  i s  e a s i l y  u n d e r s to o d  when one r e a l i s e s  t h e  im m e n s i ty  o f  t r e a t e d  
sewage e f f l u e n t  r e c e i v e d  i n  V/innisquam d a i l y .  The m a jo r  p o r t i o n  o f  t h e  
p h y to p l a n k t o n  (S e p te m b e r  1967) a t  V/innisquam was composed o f  A p h an iso aen o n  
f l o s - a q u a e .
As one m ig h t  e x p e c t ,  th e  h i g h e s t  l o v o l s  o f  n u t r i e n t s  a p p e a re d  d u r i n g  
t h e  summer w i th  t h e  i n f l u x  o f  t o u r i s t s ,  i n c r e a s e d  b o a . t in g ,  swimming, and 
cam p in g .  P a r t i c u l a r l y  c o n s p ic u o u s  w ere  t h e  J u l y  r e a d i n g s  o f  ^ 9 .9  mg/1 o f  
o r t h o p h o s p h a t e s  and  3 9 . 2  r.ig/1 o f  t o t a l  p h o s p h a te s  a t  M e r e d i th  Bay.
Maximum M yxophycean p o p u l a t i o n s  ( n o n - h e t e r o c y s t  fo rm s) u s u a l l y  o c c u r  d u r in g  
t h e  summer, and  t h e y  may e x h a u s t  a l l  a v a i l a b l e  n i t r a t e s  ( P r e s c o t t ,  1 9 5 1 ) .  
H owever, a t  V /in n ip esau k ee  t h e  p e a k s  i n  n i t r a t e  l e v e l s  o c c u r r e d  d u r i n g  June  
th ro u g h  A u g u s t ,  when m aximal num bers  o f  b l u e - g r e e n  c e l l s  wore r e c o r d e d .
The h ig h  summer n i t r a t e  l e v e l s  seem ed  t o  bo a d i r e c t  r e s u l t  o f  i n c r e a s e d  
r e c r e a t i o n a l  a c t i v i t y .  A lth o u g h  sewage t r e a t m e n t  o c c u r s  i n  t h e  p r o x i m i t y  
o f  m ost s t a t i o n s  s t u d i e d ,  t h e i r  e f f l u e n t  i s  n o t  s t r i p p e d  o f  n u t r i e n t s .  I n  
r e c e n t  y e a r s  r e c r e a t i o n a l  a p p l i c a t i o n s  have  i n c r e a s e d  so  much t h a t  
t e m p o ra ry  c l o s i n g s  o f  m a jo r  b e a c h e s  ( e . g .  V /e irs )  have  o c c u r r e d .  Such
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c l o s i n g s  a re  c o n t i n g e n t  upon h i g h  c o l i f o r m  c o u n t s  d u r i n g  t h e  b a t h i n g  
s e a s o n ,  and  n o t  upon n u t r i e n t  r e a d i n g s .
I t  i s  i n t e r e s t i n g  t o  n o te  t h e  e x i s t e n c e  o f  some p o t e n t i a l l y  
A nabaena s c h e r e m e t i e v i . Aphanizomenon f l o s - a o .u a e , C o e lo sp h a e r iu m  
k u e tz in g ia n u m , and  G l o e o t r i c h i a  e c h i n u l a t a  ( J a c k s o n ,  196/+)» The l a t t e r  
s p e c i e s  nay  c a u s e  c o n s p ic u o u s  a l g a l  bloom s and  p o s s i b l y  a l s o  o b n o x io u s  
o d o r s .
A l th o u g h  s p e c i e s  d i v e r s i t y  i s  a  m a jo r  c h a r a c t e r i s t i c  o f  th o  Lake 
7 / in n ip e s a u k e e  p h y to p la n lc to n ,  t h e  f l o r a  m ig h t  b e s t  be r e f e r r e d  t o  a s  a 
Myxophycoan P l a n k t o n ,  o r  one d o m in a ted  by p o l y c y s t i s , A phanizom enon, o r  
A nabaena w h ich  may form e x t e n s i v e  w a te r  b loom s (H u tc h in s o n ,  1 9 6 7 ) .  A 
summer f l o r a  d o m in a ted  by b l u e - g r e e n s  i s  t y p i c a l  o f  t h e  more p r o d u c t i v e  
l a k e s  o f  t e m p e r a t e  r e g i o n s  and I n  many s h a l lo w  t r o p i c a l  w a te r s h e d s .
The s e a s o n a l  dom inance o f  Myxophycean c e l l  num bers was e v i d e n t  a t  a l l  
s t a t i o n s ,  B a r e l y ,  a s  i n  F e b r u a r y ,  May and Ju n e  1 9 7 0 ,  when b l u e - g r e e n  c e l l  
num bers were a p p r e c i a b l y  d i m in i s h e d ,  d id  a n o t h e r  c l a s s  ( t h e  B a c i l l a r i o -  
p h y ce ae )  d o m in a te  t h e  p h y t o p l a n k t o n .  A few o f  t h e  o rg a n is m s  c o n t r i b u t i n g  
s i g n i f i c a n t l y  t o  t h o  t o t a l  l lyxophycean  P h y to p la n k to n  a t  a l l  s t a t i o n s  were 
P o l y c y s t i s  a e r u g i n o s a . P o l y c y s t i s  i n c e r t a . C o e lo s p h a e r iu m  n a e g e l i a n u n , 
Q s c i l l a t o r i a  a n g u s t i s s i n a , C o e lo s p h a e r iu m  p a l l i d u m , G om phosp liaeria  
l a c u s t r i s  and G o m phosphae ria  l a c u s t r l s  v a r .  c o m p a c t s .
I t  i s  i n t e r e s t i n g  t o  c o n t r a s t  t h e  Myxophycean dom inance i n  numbers o f  
c e l l s  w i t h  t h a t  o f  t h e  C h lo ro p h y c e a e  I n  t h e  number o f  s p e c i e s .  Of th e  
fo rm e r  t h e r e  w ere  63 t a x a ,  w h e rea s  t h e  l a t t e r  had  2 3 7 .  F i g u r e s  /+, 7 ,  9 ,
10 and 1/f c l e a r l y  showed t h e  p r e v a l e n c e  o f  g re e n  a l g a l  s p e c i e s  a t  a l l  
s t a t i o n s .  The B a c i l l a r i o p h y c e a e  and  C yanophyceae  s l i g h t l y  ex c e e d e d  th e  
g r e e n s  i n  num bers o f  s p e c i e s  d u r i n g  J a n u a r y  -  A p r i l  1970 a t  A l to n  Bay and
C e n t e r  H a r b o r ,  R a r e ly  d id  t h e  C h lo ro p h y c e a e  have r e p r e s e n t a t i v e  am ongst 
t h e  d o m in a n t  p h y t o p l a n k t e r s  i n  num bers o f  c e l l s .  D u r in g  th e  summer, 
G l o e o c y s t i s  v e s i c u l o s a  and  B o t ry o c o c c u s  b r a u n i i  were common a t  a l l  
s t a t i o n s ,  and  th e y  a p p e a re d  i n  s i g n i f i c a n t  n u m b ers .  Only two o t h e r  e x ­
am ples  o f  dom inance  o c c u r r e d  o f  g re e n  a l g a e .  The p e a k s  o f  A c t i n a s t r u m  
h a n t z s c h i i  v a r .  f l u v i a t l l e  and U l o t h r i x  v a r i a b i l i s  v/ero p r e v i o u s l y  c i t e d ,  
A c o m p a r i so n  wan made o f  t h e  t a x a  o f  p h y to p l a n k t o n  r e c o r d e d  by 
G u r e n d l in g  and  M a th ie s o n  ( I 9 69) f o r  Newfound and V/innisquam L ak e s  and 
th o s e  fo u n d  a t  V / in n ip e sau k e e .  One h u n d re d  t a x a  w ere  fo u n d  a t  Newfound 
and 1/+2 w e re  fo u n d  a t  v / inn isquam . Of t h e s e ,  92 were i n  common betw een  
Newfound and  V /in n ip esau k ee  and 121 botw een  V/innisquam and V /in n ip esau k e e .  
The g r o s s  s i m i l a r i t y  o f  th o  f l o r a s  a t  t h e  t h r e e  l a k e s  i s  th u s  a p p a r e n t .
A d e f i n i t e  s e a s o n a l  p a t t e r n  o f  p h y to p la n k to n  d ev e lo p m e n t  o c c u r r e d  a t  
V /in n ip esau k ee  w i th  m axim al num bers o f  c e l l s  i n  th e  summer and m in im al 
w i n t e r  c o u n t s  (com pare  F i g s .  6 and  1 3 ) ,  The pea!: a t  C e n te r  H a rb o r  was 
e x c e p t i o n a l  i n  t h a t  i t  o c c u r r e d  d u r i n g  e a r l y  f a l l  ( O c t o b e r ) . The summer 
p ea k  o f  p h y t o p l a n k t o n  c o i n c i d e d  w i th  m axim al n u t r i e n t s  and h ig h  w a te r  
t e m p e r a t u r e s ,  w h i le  t h e  m in im a l  r e c o r d s  o c c u r r e d  d u r i n g  p e r i o d s  o f  i c e  
c o v e r  and v e r y  low v /a te r  t e m p e r a t u r e s  (com pare  F i g s .  6 and  13 w i t h  
T a b le s  I  and  I I ) ,
The g r e e n  and  b l u e - g r e e n  a l g a e  were t h e  m a jo r  s t r u c t u r a l  com ponents  
o f  t h e  s e a s o n a l  p a t t e r n s  d e s c r i b e d  above (co m p ared  F i g ,  3  and T a b le  V I I ) ,  
The C y a io p h y c e a e  wero u s u a l l y  t h e  sec o n d  l a r g e s t  c o n t r i b u t o r s  t o  s p e c i e s  
n u m b ers ,  e x c e p t  d u r i n g  th e  w i n t e r  and s p r i n g  when t h e  d ia to m s  r e p l a c e d  
them . The numbor o f  d o a to n  c e l l s  i n  th e  s p r i n g  o c c a s i o n a l l y  e x c eed e d  
th o s e  o f  t h e  C y an o p h y ceae .  The C h ry so p h y ce ae  g e n e r a l l y  r a n k e d  f o u r t h  i n  
num bers o f  s p e c i e s ;  t h e y  e x h i b i t e d  maximal c o u n t s  i n  A ugust  o f  1969 and 
1 970 . The C r y p to p h y c e a e ,  D in o p h y c e a e ,  E u g le n o p h y c e a e ,  and X an th o p h y ceae
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u s u a l l y  composed . 5% o f  t h e  m o n th ly  p h y to p l a n k t o n  a t  e a c h  s t a t i o n .
T h u s ,  t h e  l a t t e r  c l a s s e s  w ere  o f  l i t t l e  im p o r ta n c e  i n  t h e  o v e r a l l  p h y to ­
p l a n k t o n .
I t  I s  o b v io u s  t h a t  l a k e s  d i f f e r  b o th  i n  t h e  q u a n t i t y  and q u a l i t y  o f  
t h e i r  p h y t o p l a n k t o n .  Such phenomena l e d  t o  a  t r o p h i c  sy s tem  o f  l a k e  
c l a s s i f i c a t i o n  b a s e d  on p h y to p l a n k t o n  i n d i c e s  (ITygaard , 1 9 ^ 9 ) .
O l i g o t r o p h y  i s  i n d i c a t e d  when a l g a l  s p e c i e s  a r e  many, p h y to p la n k to n  
num bers  a r e  m e a g e r ,  w a te r  b loom s a r e  r a r e ,  and d i u r n a l  m i g r a t i o n  i s  
e x t e n s i v e  (Baw son, 1 9 5 6 ) .  The e u t r o p h i c  s t a t e  p r o s e n t s  t h e  r e v e r s e  
c o n d i t i o n .  Thus i t  i s  s e e n  t h a t  l a k e s  may be c h a r a c t e r i s e d  a s  b e i n g  
e i t h e r  l e s s  p r o d u c t i v e  and  more t r a n s p a r e n t  (pH u s u a l l y  l e s s  th a n  7 . 0 ,  Ga 
l e s s  t h a n  1 0 r a g / l ) , o r  more p r o d u c t i v e  and  l e s s  t r a n s p a r e n t  (pH u s u a l l y  
o v e r  7*0 , Ca more th a n  1 0 n g / l )  a s  i n  H ygaard  ( 1 9 ^ 9 ) .
P h y to p l a n k to n  q u o t i e n t s  seem o f  l i t t l e  v a lu e  by th o m s e lv o s  i n  t h e  
d e t e r m i n a t i o n  o f  t r o p h i c  l e v e l s .  As p o i n t e d  o u t  by Pawson (195S) i t  i s  
d i f f i c u l t  to  d e t e r m in e  w h e th e r  ed ap li ic  o r  m o rp h o ra e tr ic  f a c t o r s  a r e  more 
i n f l u e n t i a l  i n  d e t e r m in i n g  o l i g o t r o p h i c  l e v e l s .  I t  s h o u ld  a l s o  be  n o te d  
t h a t  th o  dom inance  o f  an a l g a ,  e x p r e s s e d  i n  c e l l  n u m b e rs ,  may n o t  be 
s i g n i f i c a n t  when com pared w i th  t h e  t o t a l  u n i t  and p e r c e n t a g e  vo lum es o f  
o t h e r  s p e c i e s .  L i k e w i s e ,  t h e  d e t e r m i n a t i o n  o f  a  t r o p h i c  l e v e l  from  
C h l o r o c o c c a l e a n  and  d esm id  s p e c i e s  num bers  seems f u t i l e  when, f o r  ex am p le ,  
7 ly% o f  th o  t o t a l  p h y to p l a n k to n  i s  M yxophycean.
The same may be s a i d  o f  t h e  o t h e r  p h y to p l a n k t o n  q u o t i e n t s  a p p l i e d  
w i t h i n  t h i s  t e x t .  Even I l y g a a r d ' s  Compound In d e x  w h ich  i s  b a s e d  on f i v e  
m a jo r  g ro u p s  o f  a l g a e  d o es  n o t  i n c l u d e  C h ry so p h y cean  s p e c i e s  w h ich  com­
p r i s e d  7*2 -  5 0 . 1^  o f  t h e  p h y t o p l a n k t o n  found  a t  a l l  o f  t h e  s t a t i o n s .  
R a t h e r  i t  m ig h t  be  b e s t  t o  exam ine  t r o p h i c  l e v e l s  u s i n g  a  c o m p o s i te  o f  
t o o l s ,  s u c h  a s  t h e  c o n t r i b u t i o n s  o f  c e l l  num bers  v e r s u s  c e l l  v o lu m e s ,  th e
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t y p e s ,  ab u n d an ce  and q u a l i t y  o f  d i f f e r e n t  p h y to p l a n k t o n  a s s o c i a t i o n s ,  and 
t h e  e d a p h ic  c h a n g e s  i n  a  w a te r  body d u r i n g  s u c c e s s i v e  y e a r s .
V/hen th e  above i n t e r p r e t a t i o n s  a r e  am asse d ,  a  f a i r e r  e s t i m a t e  o f  
t r o p h i c  s t a t u s  may be  o b t a i n e d ,  p a r t i c u l a r l y  f o r  t h o s e  w a te r  b o d i e s  o f  a  
more i n t e r m e d i a t e  t r o p h i c  l e v e l .  The c o l l e c t i v e  i n t e r p r e t a t i o n  o f  t h e  
p h y t o p l a n k t o n  i n d i c e s  a s s i g n s  a  m e s o t ro p h ic  s t a t u s  t o  Lake V /in n ip e sau k e e .
I t  s h o u ld  be  e m p h as iz ed  t h a t  t h e  d e s i g n a t i o n s  o f  p h y to p l a n k t o n  i n d i c e s  a r e  
v e ry  c o n t r o v e r s i a l .  T h u s ,  i t  i s  f e l t  t h a t  a  c l o s e r  l o o k  a t  t h o  c o e x i s t i n g  
p h y to p la n k to n  a s s o c i a t i o n s  p e c u l i a r  t o  d i f f e r e n t  t r o p h i c  l e v e l s  ( H u tc h in ­
s o n ,  1967) s h o u ld  a l s o  be c o n s i d e r e d ,  p a r t i c u l a r l y  i n  b o d i e s  o f  w a te r  w i th  
t r a n s i t i o n a l  t r o p h i c  l e v e l s .  A l th o u g h  th o  p r i n c i p a l  p h y to p la n k to n  
a s s o c i a t i o n  a t  V / in n ip esau k ee  i s  Myxophycean ( i n d i c a t i v e  o f  e u t r o p h y )  t h e r e  
a r e  o t h e r  a s s o c i a t i o n s  w h ich  a r e  more t y p i c a l  o f  o l i g o t r o p h y .  H u tc h in s o n  
(1967) r e p o r t s  an  O l i g o t r o p h i c  Desmid A s s o c i a t i o n  t h a t  i s  p e c u l i a r  t o  
s l i g h t l y  a c i d  w a t e r s .  N i n e t y - o n e  s p e c i e s  o f  d e s n i d s  were i d e n t i f i e d  a t  
V / in n ip e sa u k e e .  N e w e l l  ( i 960) an d  H oover (1933) b o th  c i t e d  lo w e r  pH v a l u e s  
f o r  V /inn ipesaukee  t h a n  t h o s e  r e c o r d e d  h e r e .  S e v e r a l  g e n e r a  ( S p h a e r o c y s t i s , 
G l o e o c y s t i s , H h i z o s o l e n i a , and  T a b e l l a r i a )  t y p i c a l  o f  t h e  O l i g o t r o p h i c  
Desmid A s s o c i a t i o n  w ere  f r e q u e n t l y  found  a t  V / in n ip e sa u k e e .  An O l i g o t r o p h i c  
Diatom A s s o c i a t i o n  a l s o  e x i s t e d  a t  Y / in n ip e sau k e e .  U n l ik e  t h e  D e sn id  
A s s o c i a t i o n ,  w h ich  was d o m in a n t  i n  t h e  num bers o f  s p e c i e s ,  t h e  D iatom  
A s s o c i a t i o n  was r e p r e s e n t e d  by a  dom inance i n  c o l l  num bers o f  i t s  r e p r e ­
s e n t a t i v e  g e n e r a .  The d o m in a n t  g e n e ra  o f  th e  O l i g o t r o p h i c  D iatom  P la n k to n  
w ere  C y c l o t e l l a , T a b e l l a r i a . a n d  M e l o s i r a .
The o c c u r r e n c e  o f  a b u n d a n t  P .o try o c o ccu s  f u r t h e r  s u p p o r t s  a  p r e v i o u s  
o l i g o t r o p h i c  s t a t u s ,  f o r  H u tc h in s o n  (1 967) c i t e s  a  B o t ry o c o c c u s  A s s o c i a ­
t i o n  a s  c h a r a c t e r i s t i c  o f  o l i g o t r o p h i c  w a t e r s .  The same may be s a i d  o f  t h e  
e x i s t e n c e  o f  a  w e l l - d e v e l o p e d  C h ry so p h y ce an  P l a n k t o n ;  t h e  d o m in an t
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com ponen ts  b e i n g  s p e c i e s  o f  D in o b ry o n , H u tc h in s o n  (1 9 6 7 ) a l s o  s p e a k s  o f  
p h y to p l a n k t o n  a s s o c i a t i o n s  p e c u l i a r  t o  t h e  more m a tu re  w a te r s  s u c h  a s  a  
E u t r o p h i c  D iatom  P l a n k t o n ,  The l a t t e r  a s s o c i a t i o n s ,  h o w ev er ,  a r e  n o t  a s  
s t r o n g l y  i n  e v id e n c e  a s  t h e  o l i g o t r o p h i c  a s s o c i a t i o n s  c i t e d  a b o v e ,
H u tc h in s o n  (1 967) c h a r a c t e r i z e s  a  C h ry so p h y cean  P la n k t o n  a s  one 
p e c u l i a r  t o  n u t r i e n t  d e p l e t e d  w a t e r s .  H ow ever,  Lake V /in n ip esau k ee  d o es  
n o t  seem t o  h av e  a  s h o r t a g e  o f  n u t r i e n t s  ( T a b le  I I ) ,  and  p ea k  num bers  o f  
C h ry so p h y c e a e  o c c u r r e d  d u r i n g  p e r i o d s  o f  h i g h  n u t r i e n t s  ( p a r t i c u l a r l y  I n  
J u l y  t h ro u g h  S e p te m b e r ) .  Would th e  C h ry so p h y ceae  p l a y  an  even  l a r g e r  
r o l e  i n  th e  p h y t o p l a n k t o n  i f  t h e  r e c r e a t i o n a l  p u r s u i t s  o f  man w ere  r e ­
duced?
D i f f e r e n t  t r o p h i c  l e v e l s  do e x i s t  i n  Lake V /in n ip esau k o e .  When a  
a  c o l l e c t i v e  i n t e r p r e t a t i o n  o f  t h e  f i v e  p h y to p la n k to n  i n d i c e s  was made 
( T a b le  IX and  X) a  m e s o t r o p h ic  s t a t u s  was a c c o rd e d  t h e  W e i r s ,  W in te r  
H a r b o r ,  M e r e d i th  Bay, and  P augus  Day S t a t i o n s ,  The f o u r  r e m a in in g  
s t a t i o n s  were c h a r a c t e r i z e d  a s  e u t r o p h i c .  The D ia to m , E u g le n o p h y te ,  and  
Compound I n d i c e s  c h a r a c t e r i s e d  L ake  V /inn ipesaukoe  a s  e i t h e r  o l i g o t r o p h i c  
o r  m e s o t r o p h i c .  The C h lo ro p h y c e a n  In d e x  gave  an o l i g o t r o p h i c  c l a s s i f i c a ­
t i o n  t o  ’W in te r  H a r b o r .  I t  a l s o  s i g n i f i e d  b o r d e r - l i n e  v a l u e s  f a v o r i n g  
m e so t ro p n y  a t  t h e  V /eirs  and M e r e d i th  Bay an d  l e n t  f u r t h e r  s u p p o r t  f o r  
t h e i r  m e s o t ro p h ic  r a t i n g .
When t h e  p h y to p l a n k t o n  q u o t i e n t s  were a p p l i e d  t o  th e  e n t i r e  l a k e  th e  
C h lo ro p h y c e a n  and  Myxophycean I n d i c e s  d e s i g n a t e d  a  e u t r o p h i c  r a t i n g ,  
w h e re a s  th e  D iatom  and E u g le n o p h y te  v a lu e s  s i g n i f i e d  o l i g o t r o p h y  ( T a b le
I X ) .  Tho Compound I n d e x  d e n o te d  a  m e s o t ro p h ic  s t a t e .  T h u s ,  i t  i s  s e e n  
t h a t  t h e  o v e r a l l  v a l u e s  f o r  th e  l a k e  com plim en t t h o s e  f o r  th o  i n d i v i d u a l  
s t a t i o n s  i n  c o n n o t in g  a  m e s o t r o p h ic  e v a l u a t i o n .  The b o r d e r l i n e  v a l u e s  
fo u n d  a t  many s t a t i o n s  f u r t h e r  i n d i c a t e d  t h e  c h a n g in g  t r o p h i c  l e v e l s  o f
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t h e  l a k e .
Of t h e  f o u r  s t a t i o n s  c h a r a c t e r i z e d  a s  e u t r o p h i c  ( A l t o n ,  W o lfe b o ro ,  
C e n t e r  H a rb o r ,  and  M e lv in  B a y ) ,  W olfebo ro  showed t h e  l a r g e s t  numb e r  o f  
C h l o r o c o c c a l e a n  s p e c i e s  (T a b le  V I ) .  The C h lo ro p h y c e a n  an d  Compound 
I n d i c e s  i n c o r p o r a t e  C h l o r o c o c c a l e a n  s p e c i e s  n u m b ers .  H ence ,  t h e  v a lu e s  
r e c o r d e d  f o r  b o th  i n d i c e s  showed t h a t  W olfeb o ro  was se c o n d  o n ly  t o  
M e lv in  Bay w i t h  i t s  r a t i n g  o f  e u t r o p h y .  N ot o n ly  d i d  t h e  l a r g e  number o f  
C h l o r o c o c c a l e s  (6 ? )  and d ia to m  s p e c i e s  (55 )  a f f e c t  t h e  i n d i c e s  r a t i n g s  a t  
W o lfe b o ro ,  b u t  t h e y  a l s o  s e r v e d  t o  augment t h e  E u t r o p h i c  D iatom  and 
C h l o r o c o c c a l e a n  P l a n k t o n  A s s o c i a t i o n s ,  P a lm er  (1 9 6 9 ) h as  c o m p i le d  a  
l i s t i n g  (f ro m  165 i n v e s t i g a t o r s )  o f  a l g a e  t o l e r a n t  to  h ig h  o r g a n i c  p o l l u ­
t i o n ,  He s t a t e s  t h a t  o r g a n ic  p o l l u t i o n  i n f l u e n c e s  f r e s h  v /a te r  a l g a l  
f l o r a s  more t h a n  any o t h e r  f a c t o r .  Of p a r t i c u l a r  i n t e r e s t  was h i s  l i s t i n g  
o f  t h e  60 m ost t o l e r a n t  g e n e r a  and  th e  80 m ost t o l e r a n t  s p e c i e s .  The 
'W olfeboro f l o r a  had  ^5 o f  t h e  g e n e r a  and 53 o f  t h e  s p e c i e s  l i s t e d  by 
P a lm e r  (1 9 6 9 ) •
SUMMARY AND CONCLUSIONS
The c o m p o s i t i o n ,  a b u n d a n c e ,  and s e a s o n a l  p e r i o d i c i t y  o f  t h e  p h y t o ­
p l a n k t o n  a t  L ake W inn lpesau lcee  were d e t e r m in e d .  E i g h t  s t a t i o n s  were 
e s t a b l i s h e d  i n  o r d e r  t o  i d e n t i f y  t h e i r  p h y t o p l a n k t o n  f l o r a s  and t r o p h i c  
l e v e l s .  The f o l l o w i n g  g e n e r a l  c o n c l u s i o n s  w ere  r e a c h e d :
1) Lake V /in n ip esau k ee  i s  a  d l m i c t i c ,  s o f t  w a te r  d r a i n a g e  b a s i n  
c h a r a c t e r i s e d  by a  Myxophycean P l a n k t o n .  A l a r g e  f l o r a  was a p p a r e n t ,  f o r  
453 t a x a  were r e c o r d e d .  Two h u n d re d  and  t h i r t y - s e v e n  t a x a  a l o n e  were 
members o f  th e  C h lo r o p h y c e a e .  The C h lo ro p h y c e a n  s p e c i e s  u s u a l l y  d o m in a te d  
e a c h  m o n th ly  c o u n t .
2) The n u t r i e n t  l e v e l s  a t  v / in n ip e s a u k e e  e x c eed e d  a l l  o f  t h o s e  
p r e v i o u s l y  r e c o r d e d  f o r  Newfound and  Winnisquam L a k e s ,  (G r u e n d l in g  and 
M a th ie s o n ,  i n  p r e s s ) .  T h u s ,  a s i d e  from a d e q u a te  n u t r i e n t s ,  t h e  most 
i n f l u e n t i a l  f a c t o r s  a f f e c t i n g  a l g a l  g ro w th  w ere  l i g h t ,  t e m p e r a t u r e ,  and  
o r g a n i c  p o l l u t i o n .
3) A t y p i c a l  p a t t e r n  o f  p h y to p l a n k t o n  ab u n d an ce  was a p p a r e n t  w i th
p e a k  c o u n t s  o c c u r r i n g  i n  l a t e  summer and  m in im a l  v a l u e s  d u r i n g  th e  w i n t e r
(u n d e r  i c e ) .  The r i s e  o r  f a l l  o f  t h e  p h y to p l a n k t o n  c o u n t s  u s u a l l y  c o i n ­
c i d e d  w i th  an i n c r e a s e  o r  d e c r e a s e  i n  n u t r i e n t  l e v e l s ,  v /a te r  t e m p e r a t u r e s ,  
o r  l i g h t  p e n e t r a t i o n .
if) The p l iy to p la n k to n  was p r i m a r i l y  c o m p r ise d  o f  f o u r  c l a s s e s  of
a l g a e :  th e  C h lo ro p h y c e a e ,  C yan o p h y ceae ,  B a c i l l a r i o p h y c e a e ,  and
C h ry s o p h y c e a e .  The C yanophyceae  u s u a l l y  d o m in a ted  th e  p h y to p la n k to n  i n  t h e  
number o f  c e l l s  a l t h o u g h  n o t  i n  t h e  number o f  s p e c i e s ,
5) The p h y t o p l a n k t o n  q u o t i e n t s  o f  Thunmark (1945) and N ygaard  (1 9 4 9 )  
w ere  a p p l i e d  t o  e a c h  s t a t i o n  and  t o  t h e  o v e r a l l  l a k e ,  A m e s o t ro p h ic  
s t a t u s  was a c c o rd e d  t h e  V /e i r s ,  W in te r  H a r b o r ,  M e r e d i th ,  and  Paugus Bay 
S t a t i o n s ,  The Diatom  and E u g le n o p h y te  i n d i c e s  u s u a l l y  gave o l i g o t r o p h i c
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v a l u e s  t o  t h e  s t a t i o n s ,  w h e reas  t h e  Compound I n d e x  v a l u e s  w ere  m e s o t ro ­
p h i c  f o r  t h e  f o u r  s t a t i o n s  c i t e d  a b o v e .  The C h lo ro p h y c e a n  I n d e x  v a l u e s  
a l s o  a p p ro x im a te d  a  m e s o t r o p h ic  r a t i n g ,  7/hen a p p l i e d  t o  t h e  e n t i r e  l a k e ,  
th e  i n d i c e s  c o l l e c t i v e l y  d e s i g n a t e d  a  m e s o t ro p h ic  s t a t u s  t o  Lake 
W in n ip e s a u k e e .  Thus i t  i s  s e e n  t h a t  d i f f e r e n t  t r o p h i c  l e v e l s  may e x i s t  
i n  t h e  same l a k e .
6) The Compound I n d e x  was t h e  m ost u s e f u l  i n  d e s i g n a t i n g  th e  t r o p h i c  
l e v e l s .  The a p p l i c a t i o n  o f  t h i s  i n d e x ,  t o g e t h e r  w i th  a  know ledge  o f  t h e  
p h y t o p l a n k t o n  a s s o c i a t i o n s  d e s c r i b e d  by H u tc h in s o n  (1 9 6 7 ) ,  a l lo w e d  th e  
f a i r e s t  e v a l u a t i o n  o f  t r o p h i c  l e v e l s ,
7) A l t o n ,  V /o lfeb o ro ,  C e n t e r  H a r b o r ,  and M elv in  Bay S t a t i o n s  were 
c l a s s e d  a s  e u t r o p h i c .  W o lfe b o ro  and M e lv in  Bay w ere  th e  m ost s t r i k i n g  
ex am p les  o f  e u t r o p h y .
8 ) Of t h e  100 t a x a  l i s t e d  by G r u e n d l in g  and M a th ie so n  (1969) f o r  
llewfound Lake and  th e  1/+2 t a x a  c i t e d  f o r  Lake V /innisquam , 92 and 121 t a x a  
r e s p e c t i v e l y  w ere  common t o  W in n ip e s a u k e e ,  T h u s ,  th e  t h r e e  l a k e s  hav e  
s i m i l a r  f l o r a s  e x c e p t  t h a t  W in n ip e sa u k e e  h a s  a  f a r  g r e a t e r  number o f  
s p e c i e s .  The g r e a t e r  s p e c i e s  d i v e r s i t y  and t h e  p r e s e n c e  o f  r e s i d u a l  
o l i g o t r o p h i c  a l g a l  a s s o c i a t i o n s  ( H u tc h in s o n ,  1967) l e n d  s u p p o r t  f o r  
p o s t u l a t i n g  a fo rm e r  o l i g o t r o p h i c  s t a t e  o f  V / in n ip e sau k e e .
9) The p r e s e n c e  o f  45 o f  t h e  60 a l g a l  g e n e r a  l i s t e d  by P a lm er  (1969) 
a s  b e in g  m ost t o l e r a n t  t o  o r g a n ic  p o l l u t i o n  i n d i c a t e s  t h e  l a r g e  im p a c t  o f  
o r g a n ic  p o l l u t i o n  i n  W in n ip e s a u k e e ,  I n a d e q u a t e  t r e a t m e n t  o f  sewage 
e f f l u e n t  i n  t h e  v i c i n i t y  o f  t h e  s t a t i o n s  i s  i n d i c a t e d ,
10) The W eirs  S t a t i o n  e x h i b i t e d  th e  g r e a t e s t  p r o d u c t i v i t y  o f  a l l  t h e  
s t a t i o n s .  C e n t e r  H a rb o r  and  W in te r  H a rb o r  were t h e  l e a s t  p r o d u c t i v e  i n  
t o t a l  p h y to p la n k to n  c e l l  c o u n t s .
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11) S e v e r a l  p o t e n t i a l l y  t r o u b le s o m e  t a x a  o f  a l g a e  ( Aphanizomenon 
f l o s - a q u a e , A nabaena  f l o s - a q u a e , G l o e o t r l c h i a  e c h i n u l a t a , P o l y c y s t i s  
a e r u g i n o s a , and  A nabaena  s c h e r e m e t i e v i ) were fo u n d  t h r o u g h o u t  t h e  L ake ,  
F u r t h e r  e n r i c h m e n t  o f  t h e  l a k e  may r e s u l t  i n  s e r i o u s  b loom s and  o b n o x io u s  
o d o r s  s i m i l a r  t o  t h o s e  e x p e r i e n c e d  a t  V/innisquam.
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A l to n  Bay f* *-J I* • 1 -v3 • 0 1 -0
 
• ( 7 .2 ) 7 . 3 - 1 4 .2 ( 3 .4 ) 1 . - 6 . ( 2 .3 ) 6 . - l l . l  ( 3 . 7 ) 2 . 1 - 2 6 . 5 7 - l 8 n
V/olfeboro  Bay 3 t . 2 7 . 0 - 7 . 3 ( 7 .2 ) 4 .6 - 1 5 - 3 ( 8 . 4 ) 1 . - 4 . ( 2 .6 ) 6 , 4- 1 1 . 6 ( 8 , 6) 2 . 6- 2 6 .8 6-1 9 n
W eira S t . 3 7 . 0 - 7 . 4 (7 .2 ) 5 . 3 - 1 6 . 2 ( 3 .7 ) 1 . - 3 . ( 2 . ) 6 . - 9 . 1  ( 7 .3 ) 2 . 6 - 2 7 . 5 5-19Q
C e n te r  H a rb o r S t . 4 7 . 0 - 7 . 3 ( 7 .3 ) 6 . 9 - 1 3 .9 ( 3 . 8 ) 1 . - 4 - 5 ( 2 .3 ) 6 . 2 - 1 0 . 7 ( 8 . 3 ) 1 . 9 - 2 7 . 3 1 2 -1 7 n
W in te r  H a rb o r S t . 5 7 . 2 - 7 . 4 ( 7 .3 ) 7 . 2- 1 1 .3 (3 .5 ) ( 2 . ) •
CO•OH1•CO -  2 7 .5 — 14a
I-Ielvin Bay S t . 3 7 . 2 - 7 . 3 ( 7 .3 ) 7 . I - I O .7 ( 3 . 3 ) 2 . - 4 . ( 3 . ) 3 .  - 1 0 .  ( 3 .7 ) -  2 9 .3 -  li(m
M e r e d i th  Bay S t . 7 7 . 2 - 7 . 3 ( 7 .3 ) 7 . 5 - 1 1 . 2  ( S .2 ) ( 2 . ) 7 . - 8 .  ( 7 .7 ) -  2 7 .3 -  13a
p a u g u s  Bay S t . 3 7 . 2 - 7 . 3 ( 7 .3 ) 7 . 9 - 1 2 .7 (S.S) ( 2 . ) 3 . 3 - 9 .  ( 3 .7 ) -  2 3 .9 -  14a
C ) = a ve ra g e  t h r o u g h o u t  p r o j e c t
T able I I
Range o f  N u t r i e n t  c o n c e n t r a t i o n s  a t  S t a t i o n s  !■
P h o s p h a te s
O r th o p h o s p h a te s
S i l i c a t e s
N i t r a t e  -  
n i t r o g e n
1
( . 06- . 34) .2
( . 1 - 3 . 7 3 )  .3
( 1 . 3 - 8 . 4 )  2 . 8
( . 1 - 1 . 7 )  .6
2
( . 0 6 - . 7 4 )  .1
( . 1 4 - 1 . 9 3 )  .5  
( 1 . - 1 5 . 6 ) . 8
( . 0 3 - 1 . 5 4 )  .5
3
( . 0 6 - . 2 6 )  . 1  
( . 08 - , 5 2 ) .2  
( . 6 - 8 . 4 )  2 . 4
( . 0 4 - 1 . 24 ) .5
■8 i n  mg/1
4
( . 0 4 - 1 . )  
( . 12- 1.) 
( . 6 - 3 . 6 )  2 .
( . 0 4 - 1 . 3 4 )  .
C .2 - 3 9 .2 )  10
( . 12- 1 .) ( . 3^-3.22  1.2.3
( . 6 - 3 . 6 )  2 , if ( 1 . 7 - 2 . 8 )  2 . 2  ( 3 . 2 - 2 8 . 3 )  1 2 .5 1 .31 . 9  ( . 7 - 2 . 2 )
( . 06- 1 . 76)
T a b le  I I I
S e a s o n a l  O c c u r r e n c e  o f  P h y to p la n k to n  a t  L ak e  W in n ip e s a u k e e
CHLOROPHYCEAE 
A c t ln a s t r u m  h a n t z s c h i i  v a r .  e lo n g a tu m  G . H . S m ith .
A c t in a s t r u m  h a n t g s c h l i  v a r .  f l u v i a t i l e  S c h r o e d e r .  2
A c tid e sm lu m  h o o k e r i i  R e ln s c h *
A n k ls t r o d e s m u s  b r a u n i i  ( N a e g .)  B r u n n t h a l e r .
A n k ls t ro d e s m u s  f a l c a t u s  ( C o r d a )  R a l f s .  2 - 4
A n k ls t ro d e s m u s  f a l c a t u s  v a r .  a c i c u l a r l s  (A . B ra u n )  G. S .  W e s t .  2 - 4
A n k ls t ro d e s m u s  f a l c a t u s  v a r .  m i r a b i l i s  (W e s t 8t W est) G . S .  W e s t.
A n k ls t ro d e s m u s  f a l c a t u s  v a r .  s t i p i t a t u s  (C h o d .)  Lem m erm ann.
A n k ls t ro d e s m u s  f a l c a t u B  v a r .  tu m ld u s  (W e s t & W e s t)  G. S .  W e s t .  1 ,2
A n k ls t ro d e s m u s  s p i r a l i s  ( T u r n e r )  Lem m erm ann.
A r th ro d e s m u s  c o n s t r i c t u s  G . M. S m ith
A r th ro d e s m u s  i n c u s  (D e B re b .)  H a s s .  1 - 4
A rth ro d e sm u B  p h im u s  T u r n e r .
A r th ro d e s m u s  q u l r i f e r u s  W. & G. S .  W e s t .
A r th ro d e s m u s  r a l f s l i  W« W e s t .
A r th ro d e s m u s  r a l f s l i  fo rm a  l a t l u s c u l a  W est & G. S .  W e s t.
A r th ro d e s m u s  s u b u l a t u s  K u e tz in g .
A r th ro d e s m u s  s u b u la tu B  v a r .  n o r d s t e d t l i  v a r .  n o v  K u e tz in g .
A r th ro d e s m u s  t r i a n g u l a r i s  L a g e rh e lm . 1 - 3
A r th ro d e s m u s  t r i a n g u l a r i s  v a r .  s u b t r i a n g u l a r i s  (B o rg e )  W. & G . S . W e s t .
B o t r y o c o c c u s  b r a u n i i  K u e t z i n g .  1 - 4
B o tr y o c o c c u s  p r o tu b e r a n B  v a r .  m in o r  G . M. S m ith  1 - 4
B o tr y o c o c c u s  s u d e t i c u s  Lem m erm ann.
B u lb o c h a e te  s c r o b l c u l a t a  ( T i f f . )  T i f f a n y .
C h a ra c iu m  g r a c i l l p e s  L a m b e r t .  1
C h a ra c iu m  l im n e t ic u m  Lem m erm ann.
C h a ra c iu m  s t i p l t a t u m  (B a c h m .)  W i l l e .
C hlam ydom onas d i n o b r y o n i i  G . M. S m ith
ukee
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T a b le  I I I  -  c o n t in u e d
C hlam ydom onas p o ly p y re n o ld e u m  P r e s c o t t .
C h lam ydom onas s p h a g n i c o l a  F r i t s c h  & T a k e d a .
C h l o r e l l a  e l l i p s o i d e a  G e r n e c k .
C h l o r e l l a  v u l g a r i s  B e y e r in c k .
C la d o p h o r a  o l l g o c l o n a  K u e tz in g .
C l o s t e r l u m  a c l c u l a r e  ( T u f f e n )  W e s t.
C l o s t e r i u m  k u e t z l n g l l  D e B r e b ls s o n .
C l o s t e r l u m  r o s t r a t u m  E h r e n b e r g .
C o e la s t r u m  a u g u s t a e  v a r .  o rn a tu m  S k u j a .
C o e la s t r u m  c am b rlcu m  A r c h e r .
C o e la s t r u m  m ic ro p o ru m  H a e g e l i .
C o e la s t r u m  s c a b ru m  R e ln s c h ,
C o le o c h a e te  p u l v i n a t a  A . B ra u n  
C osm arium  b io c u la tu m  D e B r e b is s o n .
C osm arium  b ip u n c ta tu m  B o r g e .
C o sm ariu m  c o n t r a c tu m  K i r c h n e r .
C osm arium  c o n t r a c tu m  v a r .  p a p l l l a t u m  fo rm a  m in o r  G , M. 
C osm arium  d e p re s s u m  (W ag .) L u n d a l l .
C osm arium  m o n i l i f o r m e  ( T u r p . )  R a l f s .
C osm arium  n o rv e g lc u m  S tro m .
C osm arium  o b tu s a tu m  S c h m id le ,
CoBm arium  o rn a tu m  R a l f s .
C osm arium  p h a s e o l u s  b r e b .  f a .  m in o r  B o l d t .
CoBm arium  p u n c tu la tu m  D e B r e b is s o n .
C o sm ariu m  s c r o b l c u l a  K u e tz in g  
C osm arium  t r i l o b u l a t u m  R e i n s c h .
C o sm o c la d iu m  h l t c h c o c k l l  W o lle  G . M. S m ith  
C r u c i g e n l a  q u a d r a t a  M o r re n .
C r u c i g e n l a  r e c t a n g u l a r l s  (A . B ra u n )  G ay ,
C r u c i g e n l a  t e t r a p e d l a  ( K i r c h . )  W est & W e s t .
C r u c i g e n i a  t r u n c a t a  G . M. S m ith







5 , 7 , 82 - 4
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1 , 2 , 4  1 - 4
1 3 , 4







T a b le  I I I  -  c o n t in u e d
J
D a c ty lo c o c c u s  infuB lonum  N a e g e l i .  2 -if
Dosmidium b a i l e y i  (R a l f s )  N o r d st .
Desmidium s w a r t z i i  C. A . Agardh,
D lcty o sp h a er iu m  eh ren b ergh ian u a  N a e g e l i .
P ic ty o sp h a er iu m  p u lch e llu m  Wood. 1 -ij.
D im orphococcus lu n a tu s  A . Braun,
D isp o ra  c r u c ig e n io id e s  P r in t z ,
E la k a to th r lx  g e la t ln o s a  W i l le .  2
E la k a to th r lx  v i r i d i a  (Snow) P r in t z .
Euastrum d en tic u la tu m  (K ir c h .)  Gay. 1
Euastrum p u lch e llu m  D eB reb iason , 2 -if
E udorina e le g a n s  E hren berg . 2 ,3
E udorlna u n ic o c c a  G. H. Sm ith  
G lo eo a ctln iu m  lim n eticu m  G. M. Sm ith
G lo e o c y s t ls  ampla (K u e tz .)  L agerheim . 1
G lo e o c y s t is  g ig a s  (K u e tz .)  L agerheim .
G lo e o c y s t is  m ajor G erneck . 3
G lo e o c y s t is  p la n c to n ic a  (W est 8c W est) Leramermann. 2 ,  if
G lo e o c y s t is  v e s i c u lo s a  N a e g e l i ,  1*31^
G o le n k ln ia  p a u c is p in a  W est 8c V /est.
G o len k ln ia  r a d ia t a  (C h od .) W i l le .  if
G onatozygon acu leatu m  H a s t in g s .
G onatozygon k in a h a n i (A r c h .)  R a b en h o rst,
G onatozygon monotaenium DeBary, if
G onatozygon p ilo su m  W o lle ,
Gonium p e c t o r a ls  M u e lle r .
Gymnozyga m o n il ifo r m is  eh ren b . forma maxima f . n ov .
Hormidlum k l e b s i i  G. M. Sm ith  
H y a lo th eca  d i s s i l i e n s  (S m ith ) D eB reb isso n .
H y a lo th eca  m ucosa (D illw y n ) E hrenberg .
K e r c h n e r ie l la  c o n t o r t s  (S ch m id le ) B o h lin .
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T a b le  I I I  -  c o n t in u e d
K e r c h n e r le l la  e lo n g a ta  G. M. Sm ith  
K e r c h n e r ie l la  lu n a r ! s  (K irch ) M oeb iu s.
K e r c h n e r ie l la  lu n a r ls  v a r . d ia n a e  B o h lin .  
K e r c h n e r ie l la  o b esa  (W. W est) S ch m ld le .
K e r c h n e r ie l la  o b esa  v a r . a p e r ta  ( T e l l . )  B ru n n th a ler .  
K e r c h n e r ie l la  s u b s o l i t a r i a  G. S .  W est 
M ic r a s te r ia s  p in n a t i f id a  (K u e tz .)  R a l f s .  
M lc r a s te r ia s  r a d io s a  R a l f s .
M icra ctin iu m  p u s il lu m  F r e s e n iu s .
M icra ctln iu m  p u s illu m  v a r . e le g a n s  g . M. Sm ith  
M ou geotia  sp p .
M ephrocytium agardhianum N a e g e l i .
N ephrocytium  ecd ysiscep an u m  W. W est.
Nephrocytium  lim n eticu m  (G . M. Sm ith) G. M. Sm ith  
Nephrocytium  lunatum  W. W est.
Nephrocytium  obesum W est 8c W est.
N etrium  d ig i t u s  I t z ig s o h n  e t  R o th e .
Oedogonium sp p .
O o c y s t is  b o r g e i Snow.
O o c y s t is  e l l i p t i c a  W. W est 
O o c y s t is  g ig a s  A rch er .
O o c y s t is  l a c u s t r i s  C hodat.
O o c y s t is  n o d u lo sa  W est 8c W est,
O o c y s t is  parva W, 8c G . S .  W est.
O o c y s t is  p u s l l l a  H a n sg ir g .
O o c y s t is  p y r ifo r m is  P r e s c o t t .
P a lm e lla  mucosa K u e tz in g ,
P a lm od ictyon  varium  (N a e g .)  Lemmermann 
P alm od ictyon  v i r l d e  K u e tz in g .
P an dorlna  morum (M u e ll .)  B o ry .
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5 , 6,85 -81 -41 -4
1 ,3 5 , 7 ,3
5 -82 ,3
7 ,8
5 ,7 ,85 -7
5 -7
5 -85 -8
5 , 7 ,81 , 2 , 4  1 , 3 , 4  2 , 5
T a b le  H I  -  c o n t in u e d
P ed iastru m  araneosum  v a r . rugulosum  (G . S .  W est) G. m . Sm ith  
P ed iastru m  boryanum (T u rp .)  M en eg h in i.
P ed iastru m  d u p lex  Meyen.
P ed iastru m  d u p lex  v a r . c la th ra tu m  (A . Braun) L agerheim , 
P ed iastru m  d u p lex  v a r . coh aeren a  B o h lin .
P ed iastru m  d u p lex  v a r , gracilim um  W est & W est.
P ed iastru m  d u p lex  v a r . r e t ic u la tu m  L agerheim .
P ed iastru m  d u p lex  v a r . 
P ed iastru m  d u p lex  v a r .
rotundatum  L u ck s.
____________________  rugulosum  H a c ib r o sk l.
P ed iastru m  k a w ra lsk y i S ch m id le .
P ed iastru m  scu lp ta tu m  G. M. Sm ith
P ed iastru m  s im p le x  v a r . duodenarlum (B a i le y )  R a b en h o rst. 
P ed iastru m  t e t r a s  (E h ren .) R a l f s .
P ed iastru m  t e t r a s  v a r . te tra o d o n  (C o r d a .)  R a b en h o rst. 
P le o d o r in a  c a l i f o r n i c a  Shaw.
P leu ro ta en iu m  e h r e n b e r g h ii (D eB reb isso n ) D ebary. 
Q u ad rigu la  c h o d a t i i  (T anner-F u llm an) G. M. Sm ith  
Q u ad rigu la  c l o s t e r i o i d e s  (B o h lin )  P r in t z .
Q u ad rigu la  l a c u s t r i s  (C h od .) G. M. Sm ith  
R h izoclon iu m  sp p .
Scenedeam us acum inatus (L a g er h .)  C hodat.
ScenedesmuB acutuB f .  c o s t u la t u s  (C h od .) Uherkov. 
Scenedesm us a rc u a tu s  v a r . p la t y d is c a  G. M. Sm ith  
Scenedesm us b lc a u d a tu s  (H a n sg .) C h od at.
Scenedesm us b iju g a  (T u rp .) L agerheim .
Scenedesm us b iju g a  v a r . a lte r n a n s  (R e in sc h ) H a n sg ir g .  
Scenedesm us b r a s i l i e n s i s  B o h lin .
Scenedesm us c o a l i t u s  H ortob .
Scenedesm us e c o r n is  ( R a l f s . )  C hodat.
Scenedesm us d e n t ic u la t u s  L agerh eim .





1 , 2 , 4









T a b le  I I I  -  c o n t in u e d
Scenedesm us in c r a s s a t u lu s  B o h lin .
Scenedesm us I n c r a s s a tu lu s  v a r . mononae G. M. Sm ith  
Scenedesm us lo n g u s  v a r . n a e g e l i  (D eB reb .) G. M. Sm ith  
Scenedesm us q uadricauda (T u rp .) D eB reb isso n ,
Scenedesm us q uadricauda v a r . lo n g is p in a  (C hod .) G. M. Sm ith  
Scenedesm us quadri cauda v a r . maximus W est & W est.
Scenedesm us q uadricauda v a r . parvus G. M. Sm ith  
Scenedesm us q uadricauda v a r . q u a d r isp in a  (C h od .) G. M. Sm ith  
Scenedesm us q uadricauda v a r . w e s t i i  G. M. Sm ith
Scenedesm us q uadricauda v a r . w e s t i i  f .  h e te r o s p in o u s  (H ortob) U herkov. 
S h r o e d e r ia  an cora  G. M. Sm ith  
S h r o e d e r ia  ju d a y ii  G. M. Sm ith  
S h r o e d e r ia  s e t i g e r a  (S c h r o e d .)  Lemmermann.
S p h a e r o c y s t is  s h r o e t e r i  C hodat.
Sphaerozosm a e x c a v a ta  R a l f s .
Sphaerozosm a excavatum  v a r . subquadratum ( R a l f s . )  W. 8c G. S . W est. 
Sphaerozosm a exiguum T urner.
Sphaerozosm a granulatum  Roy 8c B i s s e t t ,
S p ir o g y r a  sp p ,
Spondylosium  moni1 1 forme L u n d e ll .
Spondylosium  planum (W o lle) W. 8c G, S .  W e3t.
Spondylosium  se c e d e n s  (Be B ary) A rch er ,
S tau rastru m  americanum (W. 8e G. S .  W est) G. M. Sm ith  
S tau rastru m  anatinum  v a r . d en tlcu la tu m  v a r . n o v . G. M. Sm ith  
S tau rastru m  anatinum  v a r . lo n g ib ra c h la tu m  V/. 8c G. S . W est.
S tau rastru m  a r c t is c o n  (E h r .)  L u n d e ll .
S tau rastru m  brach latum  R a l f s .
S tau rastru m  b rev isp inu m  D eB isso n .
S tau rastru m  b rev isp in u m  v a r . retusum  B orgo.
S tau rastru m  cumbricum W est,
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6-85 , ^  1 , 5 , if 1 , 3 , if 5 ,6 ,8
2 2 ,3  5 , 8






T a b le  I I I  -  c o n t in u e d
S tau rastru m  d en ticu la tu m  (N a g .)  A rch.
S tau rastru m  granulosum  (E h ren b .) R a l f s .
S tau rastru m  jo h n s o n n ii  w. & G. S. W est.
S tau rastru m  J o h n so n n ii v a r . dopauperatum G. H. Sm ith  
S tau rastru m  l a c u s t r e  G. M. Sm ith
S tau rastru m  lep to c la d u m  v a r , d en ticu la tu m  G. M. Sm ith  
S tau rastru m  lim n etlcu m  S ch m id le .
S tau rastru m  lim n eticu m  v a r . cornutum G. M. Sm ith  
S tau rastru m  lo n g ir a d ia tu m  W. & G. S . W est 
S tau rastru m  lunatum  R a l f s .
S tau rastru m  lunatum  v a r . p la n cto n icu m  W.
S tau rastru m  m a n fe ld t i i  D e lp .
S tau rastru m  megacanthum L u n d e ll .
S tau rastru m  megacanthum v a r . sco tic u m  W. & G. S .  W est. 
S tau rastru m  muticum D eB reb isso n ,
S tau rastru m  o p h iu ra  L u n d e ll .
S tau rastru m  o r b ic u la r e  R a l f s ,
S tau rastru m  pachyrhynchum N o r d st.
S tau rastru m  paradoxum M eyen,
S tau rastru m  paradoxum v a r . lo n g ip e s  N o r d st.
S tau rastru m  paradoxum v a r . parvum W. W est,
S tau rastru m  pentacerum  (W o lle ) G. M. S m ith .
S tau rastru m  pentacerum  v a r . te tra ceru m  (W olle) G. M. S m ith . 
S tau rastru m  p ln g u e  T e l l in g .
S tau rastru m  punctu latum  v a r . k je l lm a n i W il le .
S tau rastru m  se t ig e r u m  C le v e .
S tau rastru m  s p ic u l i fe r u m  G. M. Sm ith  
S tau rastru m  su b la ev isp in u m  W. W est.
S tau rastru m  subpygmaeum v a r . subangulatum  v a r . n o v .  W est. 
S tau rastru m  te tra ceru m  R a l f s .
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3 , if
1 , 2 , if 
1- i f
6 -8 5 -85 ,6,81 , 2 , if 1 , 3 , if 1 , 3 , if 1 —if




T a b le  I I I  -  c o n t in u e d
S ty lo sp h a er id lu m  s t ip it a tu m  (Bachm .) G e i t l e r  & G im esi. 
T etraed ron  asymmetricum P r e s c o t t ,
T etra ed ro n  caudaturn (Corda) H a n sg irg .
T etraed ron  lim n eticm n  B o rg e .
T etra ed ro n  lo b u la tu m  v a r , p o ly fu rcatu m  G. M. S m ith . 
T etraed ron  minimum (A , Braun) H a n sg ir g .
T etra ed ro n  muticum f a .  punctu latum  (R e in sc h ) D eToni. 
T etra ed ro n  p la n eto n icu m  G. M. S m ith .
T etraed ron  r e g u la r s  K u e tz in g .
T e tr a sp o r a  la m e l lo s a  P r e s c o t t .
T etrastru m  sta u r o g e n ia e fo r m e  (S h ro ed er ) Lemmermann. 
T reu b aria  s e t ig e r u m  (A rch er) G. M. S m ith .
T r o c h is c ia  o b tu sa  (R e in sc h ) H a n sg irg .
U lo th r ix  s u b c o n s t r ic t a  G. S . W est.
P lo th r ix  s u b t i l l i s s i m a  R ab en h o rst.
P lo t h r lx  v a r i a b i l i s  K u e tz in g .
V olvox  t e r t i u s  A. M eyer.
W e s te l la  b o tr y o id e s  (W. W est) de W ildemann.
W e s te l la  l i n e a r i s  G. M. Sm ith
Xanthidium  a n tilo p a eu m  v a r . polymazum N o r d st .
Xanthidium  cr ista tu rn  D eB reb isso n .
X anthidium  su b h a stiferu m  W. W est.
Zygnema sp p .
BACILLARIOPHTCEAE 
A chnanthes i n f l a t a  (K u etz in g ) Grunow.
Amphora o v a l i s  K u e tz in g .
A s t e r io n e l la  b le a k e le y i  W. S m ith ,
A s t e r lo n e l la  form osa H a ss.
A s t e r io n e l la  form osa v a r . g r a c i l l lm a  (H a n tz .)  Grunow. 
C a lo n e is  am phisbaena (B o r y .)  C le v e .
1969 1970
1 -3 1 -4
1 .3
1 -4  1 , 2 , 4  1 -3
2 ,3  1 , 2 , 4  1 -3
1 -3 1 , 2 , 4  1 -4
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T a b le  I I I  -  c o n t in u e d
C o c co n e is  d im in u ta  E hren berg . 3
C y c lo t e l l a  b o d a n ica  E u le n s t .  1 -4
C y c lo t e l l a  com ta (E hrenberg) K u e tz in g . 1 -4
C y c lo t e l l a  g lo m era ta  K u e tz in g . 1
C y c lo t e l l a  k u e tz in g !a n a  W. Sm ith
C y c lo t e l l a  m en egh in ian a  K u etz in g  1 -4
C y c lo t e l l a  s t e l l i g e r a  C lev e  & Grunow.
C ym atopleura s o l e a  (B r e b .)  W. Sm ith
C ym bella a f f l n i s  K u e tz in g . 3
C ym bella c i s t u l a  (Hemp.) Grunow. 4
C ym bella g r a c i l i s  (R ab h .) C le v e .
C ym bella m exicana E h ren b erg .
C ym bella n a v ic u l i f o r a l s  A u ersw old .
C ym bella o b tu s iu s c u la  (K u tz .)  Grunow.
C ym bella tum ida (B r e b .)  Van H eurck ,
C ym bella tu r g id a  (G r e g .)  C le v e .
C ym bella tu r g id u la  Grunow,
C ym bella v e n tr ic o s a  K u e tz in g . 1»4
Diatom a a n cep s (E h ren b .) K irch n .
D iatom a h iem a le  (L y n g b .) H ieb .
D iatom a v u lg a r e  Bory 
D ip lo n e is  s m i t h i i  B o y er .
E u n o tia  p e c t i n a l i s  (K u e tz .)  R ab en h o rst.
E u n o tla  p e c t i n a l i s  v a r .  m inor R ab en h orst,
E u n o tia  p e c t i n a l i s  v a r .  m inor forma im p ressa  R a b en h o rst.
E u n o tia  p e c t i n a l i s  v a r .  u n d u la ta  R a l f s .  1
F r a g i l l a r l a  b r e v i s t r ia t a  Grunow. 4
F r a g i l l a r l a  b r e v i s t r ia t a  v a r . i n f l a t a  (P a n t .)  H u ste d t.
F r a g i l l a r i a  b r e v i s t r ia t a  v a r . t r ig ib b e  Grunow.
F r a g i l l a r i a  c o n str u e n s  (E h ren b .) Grunow. 3




T a b le  I I I  -  c o n t in u e d
J
F r a g l l l a r l a  in te r m e d ia  Grunow. 2
F r u s tu l ia  rhom boides (E h r .)  D eToni.
Gomphonema co n str ie tu rn  E hrenberg.
Gomphonema o liv a ceu m  (L yn gb .) K u e tz in g .
Gyroaigma k u e t z in g i i  (G ru n .) C le v e .
M e l o s i r a  a m b lg u a  ( G r u n . )  M u e l l e r .  1 - ^
M e lo a i r a  d i s t a n s  ( E h r e n b e r g )  K u e tz in g .  1
M e l o s i r a  i s l a n d i c a  0 .  M u l l e r .  1 * 3 * ^
M e l o s i r a  i t a l i c a  ( E h r e n b e r g )  K u e tz in g .
M e r id io n  c i r c u l a r e  ( G r e v . )  A g a rd h .
N a v ic u la  e x lg u a  G r e g .
N a v ic u la  r h y n c o c e p h a la  K u e tz in g .
N e ld lu m  d u b iu m  ( E h r e n b e r g )  C le v e .
N i t z s c h i a  a c l c u l a r i s  W. S m ith
N itz s c h ia  f i l i f o r m i s  H a ss . 1 ,
N i t z s c h ia  h o l s a t ic a  Grunow.
N it z s c h ia  l i n e a r i s  V/. Sm ith  
N itz B c h ia  m a c ile n ta  G reg.
N i t z s c h i a  p a l e a  ( K r a s s k e )  W. S m ith  3
N i t z s c h i a  s ig m o id e a  ( E h r . )  W. S m i th .  2
O p e p h o ra  m a r t y i  H e r ib a u d .
P i n n u l a r l a  a c r o s p h a e r l a  D e B r e b is s o n .
P in n u la r ia  g ib b a  E hren berg .
P ln n u la r ia  m ajor (K u etz in g ) W. S m ith . 1 ,2
P in n u la r ia  m e so le p ta  E hrenberg .
P ln n u la r ia  n o b i l l s  E hrenberg .
P in n u la r ia  t a b e l l a r i a  E hrenberg.
P leu ro slg m a  d e lic a tu lu m  W. S m ith . 1 , 1,.
R h lz o s o le n la  e r i e n s l s  H. L . S m ith , l-Zj.
R h iz o s o le n ia  e r i e n s i s  v a r . morsa W. & G. S . W est. 1
S ta u r o n e is  a c u ta  W. Sm ith  
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T a b le  I I I  -  c o n t in u e d
S t a u r o n e l s  p h o e n i c e n t r o n  E h r e n b e r g .  
S u r l r e l l a  o v a l l s  D e B r e b is s o n ,
S u r l r e l l a  o v a t a  K u e tz ln g .
S u r l r e l l a  r o b u s t a  E h r e n b e r g .
S y n e d r a  a c t l n a s t r o l d e s  Lem m erm ann.
S y n e d r a  a c u s  K u e tz ln g .
S y n e d r a  a c u s  v a r .  a n g u s t l s s l m a  G runow . 
S y n e d r a  f a a c i c u l a t a  ( A g .)  K u e tz ln g .  
S y n e d r a  p a r a s i t i c a  A. B o y e r .
S y n e d r a  ru m p e n s  K u e tz ln g .
S y n e d r a  u l n a  ( N i t z s c h )  E h r e n b e r g .
S y n e d r a  v a u c h e r i a e  K u e tz ln g .
T a b e l l a r i a  f e n e s t r a t a  (L y n g b y e ) K u e tz ln g .  
T a b e l l a r i a  f l o c c u l o s a  (R o th )  K u e tz ln g .
CYANOPHYCEAE 
A n a b a e n a  c l r c i n a l i s  R a b e n h o r s t .
A n a b a e n a  f l o s - a q u a e  (L y n g b .)  D e B r e b is s o n .
A n a b a e n a  l e v a n d e r l  Lem m erm ann.
A n a b a e n a  s c h e r e m e t i e v l  E l e n k l n .
A n a c y s t i s  r u p e s t r i s  (L y n g b .)  D r o u e t  & D a i l y .  
A p h an izo m en o n  f l o s - a q u a e  ( L . )  R a l f s .
A p h a n o c a p sa  d e l i c a t i s s i m a  W est & W e s t .
A p h a n o c a p sa  e l a c h i s t a  W est & W e s t .
A p h a n o c a p sa  e l a c h i s t a  v a r ,  c o n f e r t a  W est & W e s t . 
A p h a n o c a p sa  e l a c h i s t a  v a r .  p l a n e t o n i c a  G. M. S m i th ,  
A p h a n o c a p sa  g r e v l l l e l  ( H a s s . )  R a b e n h o r s t .  
A p h a n o c a p sa  r l v u l a r i s  (C a rm .)  R a b e n h o r s t ,  
A P h a n o th e c e  c l a t h r a t a  G. S .  W e s t .
A p h a n o th e c e  g e l a t i n o s a  (H e n n ,)  Lem m erm ann. 
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T a b le  I I I  -  c o n t in u e d
J
A phanothece ra icrospora  (M enegh.) E a b en h o rst.
A phanothece n ld u la n s  P . E ic h te r  3
A phanothece p u lv e r u le n ta  Bachraann. 3
C hroococcus d is p e r s u s  ( K e i s s l . )  Lemmermann. 2
C hroococcus d is p e r s u s  v a r . minor G. M. Sm ith 1
C hroococcus g ig a n te u s  W. W est.
C hroococcus lim n eticu B  Lemmermann. 1-if
C hroococcus l im n e t ic u s  v a r . e le g a n s  g .  M, Sm ith  1
C hroococcus minimus ( K e i s s l . )  Lemmermann. 1
C h roococcu s m inor (K u etz) N a e g e l i .  1
C hroococcus m inutus (K u e tz .)  N a e g e l i .
C hroococcus p r e s c o t t i i  D rouet & D a i ly .
C h ro o c o c c u s  t u r g l d u s  ( K u e t z . )  N a e g e l i .
C hroococcus v a r iu s  A. B raun. 1 -if  1
C oelosp h aeriu m  k u etz in g ia n u m  N a e g e l i .  1
C oelosp h aeriu m  n aegelian u m  Unger. 1 -if
C oelosp h aeriu m  p a llid u m  Lemmermann. 1 -if
P a c ty lo c o c c o p B is  a c i c u l a r i s  Lemmermann.
D a c ty lo c o c c o p s ls  f a s c l c u l a r i s  Lemmermann. 2 ,3
D a c ty lo c o c c o p s is  r h a p h id lo d e s  H a n sg ir g . 2
Dac t y lo c  oc c o p s is  s m l t h l i  Chodat & C hodat. 1 -if
G la u c o c y s t is  n ostoch in earu m  ( I t z . )  E a b en h o rst.
G lo eo ca p sa  p u n c ta ta  N a e g e l i ,
Q lo eo ca p sa  r u p e s t r i s  K u e tz in g . 1 -if
Q lo e o th e c e  l i n e a r i s  N a e g e l i .
G lo e o tr ic h ia  e c h ln u la ta  ( J .  E. Sm ith) P . B ic h t e r .  2
G lo e o tr ic h ia  pisum (C . A . A g .) T h u re t. 1
G om phosphaerla aponima K u e tz in g , 2
G om phosphaeria aponima v a r .  c o r d lfo r m is  V /o lle ,
Gom phosphaerla aponima v a r . d e l l c a t u l a  V ir ie u x .  1 ,3





T a b le  m  -  c o n t in u e d
G o m p h o s p h a e r ia  l a c u s t r i s  C h o d a t .
f lo m p h o s p lia e r ia  l a c u s t r i s  v a r .  c o m p a c ta  Lem m erm ann.
H o lo p e d iu m  i r r e g u l a r e  L a g e rh e im .
L y n b g y a  p u t e a l i s  M o n ta g n e ,
M a r s s o n i e l l a  e l e g a n s  Lem m erm ann.
M e r is m o p e d la  e l e g a n s  A. B r a u n ,
M e r is m o p e d ia  e l e g a n s  v a r .  m a jo r  G. M, S m ith .  
M e r is m o p e d ia  g l a u c a  ( E h r e n b . )  N a e g e l i .  
M e r is m o p e d ia  p u n c t a t a  M eyen .
M e r is m o p e d ia  t e n u i s s i m a  Lem m erm ann.
O s c i l l a t o r i a  a n g u s t i s s i m a  W. & G. S .  S m ith  
O s c i l l a t o r i a  r u b e s c e n s  De C a n d o l l e .
O s c i l l a t o r i a  s p l e n d i d a  G r e v i l l e .
O s c i l l a t o r i a  t e n u i s  C . A. A g a rd h .
P o l y c y s t i s  a e r u g i n o s a  K u e tz in g .
P o l y c y s t i s  i n c e r t a  Lemmermann.
R h ab d o d e rm a  g o r s k i i  W o lo s z y n s k a .
R h ab d o d e rm a  i r r e g u l a r e  (N aum ann) G e i t l e r .  
R h ab d o d e rm a  l i n e a r e  S c h m id le  & L a u t e r b o r n .  
R h ab d o d e rm a  s ig m o id e a  f a .  m in o r  M oore & C a r t e r .  
S p i r u l i n a  m a jo r  K u e tz in g .
S p i r u l i n a  p r i n c e p s  (W est & W est) G . S .  W e s t.
CHRYSOPHYCEAE 
C h r y s o c a p s a  p l a n e t o n i c a  (W e st & w e s t )  P a s c h e r .  
C h ry a o s p h a e re lla  l o n g i s p l n a  L a u t e r b o r n .
D i c e r a s  p h a s e o l u s  F o t t .
D in o b ry o n  s p p .
D in o b ry o n  s p p .
D in o b ry o n  a c u m in a tu m  R u t t n e r .
D in o b ry o n  b a v a r ic u m  I m h o f .


T a b le  i l l  -  c o n t in u e d
Dinobryon c a lc i f o r m is  Bachmann.
Dlnobryon crenulatum  W. & 6 . W est.
Dinobryon c y lin d r ic u m  Im hof.
Dinobryon d iv e r g e n s  Im hof.
D inobryon s e r t u la r ia  v a r . p ro tu b era n s K rieg er  (Lemmermann.) 
Dinobryon v a n h o e f fe n i i  ( K r ie g .)  Bachmann.
E p ip y x is  t a b e l l a r l a e  (Lemm.) P a sch er .
E p ip y x is  u t r i c u lu s  E hrenberg .
H yalobryon m u c ico la  (Lemm.) P a sch er ,
M allam onas a c a r o id e s  P e r ty .
M allamonas a lp in a  P aschner & R u ttn er .
M allamonas ap och rom atica  Conrad,
M allamonas ca u d a ta  Conrad.
M allamonas f a s t i g a t a  Z a c h a r ia s .
M allamonas p ro d u c ts  Iw a n o ff .
M allamonas p seu d o co ro n a ta  P r e s c o t t .
M allamonas to n su r a ta  T e l l in g ,
O phiocytium  elongatum  West & W est.
O phlocytium  mucronatum (A . Braun) R ab en h orst.
R h iz o c h r y s is  l im n e t ic a  G. M. Sm ith  
Synura a d a m sil Q. M. Sm ith  
Synura p e t e r s e n i i  K orsh ik ov .
Synura u v e l la  E hrenberg.
S yn cryp ta  ja n e i  n o v . sp .
U roglena v o lv o x  E hrenberg .
U r o g le n o p s is  am ericana (C a lk in s )  Lemmermann.
V au ch eria  sp p .
1 ,
DINOPHYCEAE
Ceratium  h ir u n d in e l la  ( 0 .  F . M u e ll .)  D u ja rd in . 
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VJ1o
T a b le  i l l
G le n o d in iu m  g y m n o d in lu m  P e n a r d .
G le n o d in iu m  p a l u s t r e  (Leram .) S c h i l l e r ,
G le n o d in iu m  p u l v l s c u l u s  ( E h r e n b . )  s t e i n ,
G o n y a u la x  p o l y e d r a  S t e i n ,
G ym nodin lum  fu sc u m  ( E h r , )  S t e i n ,
G ym nodin lum  p a l u s t r e  S c h i l l i n g  
H em id ln iu m  n a s u tu m  S t e i n ,
P e r i d i n i u m  c ln c tu m  ( M u e l l , )  E h r e n b e r g ,
P e r i d i n i u m  c in c tu m  v a r .  tu b e ro s u m  ( M e u n ie r )  L in d e m a n n . 
P e r i d i n i u m  g a s l a v i e n s e  V /o lo s z y n s k a .
P e r i d i n i u m  in c o n s p ic u u m  Lem raerm ann.
P e r i d i n i u m  lim b a tu m  ( S t o k e s )  Lem m erm ann.
P e r i d i n i u m  p u s i l l u m  ( P e n a r d )  Lem m erm ann.
P e r i d i n i u m  w i l l e i  H u i t f e l d - K a s s .
P er id in iu m  w is c o n s in e n s e  Eddy.
CRYPTOPHYCEAE 
C ry p to m o n a s  e r o s a  E h r e n b e r g ,
C ry p to m o n a s  m a r s s o n i i  S k u j a ,
C ry p to m o n a s  o v a t a  E h r e n b e r g .
R hodom onas l a c u s t r i s  P a s c h e r  R R u t t n e r .
EUGLENOPHYCEAE 
E u g le n a  g r a c i l i s  K le b s ,
C o la c iu m  a r b u s c u l a  S t e i n .
C o la c iu m  v e s ic u lo s u m  E h r e n b e r g ,
T ra c h e lo m o n a s  v o l v o c i n a  E h r e n b e r g .
XANTHOPHYCEAE
Q lo e o b o t r y s  l i m n e t i c u s  (G . M. S m ith )  P a s c h e r .  
O p h io c y tiu m  e lo n g a tu m  W e s t & W e s t .



















T a b le  I I I  -  c o n t in u e d
J
O phiocytium  mucronatum (A . Braun) R ab en h o rst.
P e r o n le l la  p la n e to n ic a  G. M. Sm ith
S t ip i t o c o c c u s  ca p en se  P r e s c o t t .  3 , 4




Combined M onth ly  T o t a l s  i n  Numbers o f  S p e c ie s  P e r  C la s s  a t  S t a t i o n s  1 -4
1969 1970
J A S 0 IT D J F M A M J J A
C hloropliyceae 8 1 8 2 8 2 8 2 63 69 51 20 2 8 61 86 92 100
Cyanophyceae 43 43 39 39 32 34 52 14 23 2 0 2 9 30 40
B a c il la r io p h y c e a e 37 31 23 37 31 32 33 13 24 35 33 19 20
C hrysophyceae 26 23 24 20 13 1 8 24 12 16 2 4 22 2 4 21
D inophyceae 3 7 7 4 4 3 3 3 3 6 7 1 0 11
C ryptopliyceae 3 4 4 4 A 4 4 2 2 4 3 4 4
E uclenophy c e ae 4 2 1 1 2 1 2 3 0 3
Xanthophyceae 1 1 1 1 1 2 1 1 0 2 1
T o ta l 208 193 131 138 155 161 149 71 97 153 183 1 8 1 2 0 0
T able V
Combined M onth ly  T o ta l s  i n  Numbers o f  S p e c ie s  P e r  C la s s
a t S ta t io n s  5 -3
1970
June July Aucust
C h io r  ophyc e ae 65 97 111
Cyanophycoae 21 r 23 33
B a c illa r io p h y c  eae 35 Zk 27
Chrysophyceae 21 25 2 h
Dinophyceae 11 0s 13
Cryptophyceae 3 b
Nu^lenopliycoae 0 1 3
Xanthophyceae 1 2 2
T ota l 159 139 222
Table VI
T o t a l  N um ber o f  S p e c i e s  p e r  C l a s s  a t  E ach  S t a t i o n  
L ak e  f f in n ip e s a u k e e
_______________________________ 1____________2____________3 _
C hlorophyceae 118 138 121
B a c il la r io p h y c e a e  44 35 36
Cyanophyceae 49 46 43
C hrysophyceae 28 27 28
D inophyceae 10 7 H
C ryptophyceae 4 4 4
E uglenophyceae 3  4  2
X anthophyceae 3 2 1
T o ta l 2^9 255 24T
4 5 6  7 8
103 8 6  8 1  87 9 2
40 22 28 19 21
44 33 30 31 30
2 7  20 21 23 22
10 11 8 8 1 3
4 3 4  4  4
3 3  1 2  2
2  2  1 1 2
£*33 1 8 0  174 175 155
\J1VI
T able VII
M onth ly  T o ta l s  o f  S p e c ie s  Found a t  E ach S t a t i o n
J A 5 0 IT D_______ J F  M A M  J J A
S ta tio n  '10. 1 116 108 113 92 Sij- 70 83 52 35 -  I k 83 108 107
2 126 127 10^ 113 107 103 93 JfS -  -  97 101 102 126
3 108 131 126 129 118 - 77 - 67 -  - 89 102 118
k 102 102 103 - 10if - 63 - 59 -  98 102 92 10if
3 78 83 109
rO 95 89 131





P e r c e n t  C o m p o s i t io n  o f  T o t a l  C e l l  N um bers P e r  C l a s s e s  a t  S t  
1969 . 1970
J A s 0 N D J' F H
C h lo ro p h y c e a e 1 2 . 0 8 . 0 9 . 0 5 . 0 4 . 0 2 . 0 3 . 0 7 . 0 4 .
C y a n o p h y c e a e 7 6 . 7 7 . 7 7 . 9 0 . 6 9 0 . 8 6 . 7 6 . 5 1 . 8 4 .
B a c i l l a r l o p h y c e a e 1 0 . 0 3 .1 0 3 . 0 2 . 0 3 . 0 9 . 1 8 . 1 4 0 . 1 0 ,6
C h ry s o p h y c e a e 1 . 1 1 . 1 0 .1 0 2 . 0 2 .7 0 2 .6 0 2 . 7 0 1 .6 0 0 ,8
D in o p h y c e a e .1 0 0 .2 0 0 .2 - - - - - -
C r y p to p h y c e a e .3 0 0 .6 0 0 .6 0 0 . 3 0 0 .2 0 0 .3 0 0 .1 0 0 .3 0 0 .5
E u g le n o p h y c e a e - - - - - - - - —
X a n th o p h y c e a e - — -
C h lo ro p h y c e a e 2 0 . 08 . 0 5 . 0 3 . 0 6 . 0 4 . 0 3 . 1 1 .2
C y a n o p h y c e a e 6 2 . 8 1 . /f 3 9 .4 9 0 . 8 8 4 .7 8 4 . 6 7 7 .4 1 0 .
B a c i l l a r l o p h y c e a e 0 9 .5 0 3 . 0 2 .3 0 5 . 0 6 . 0 7 .2 1 8 . 4 4 5 .
C h ry s o p h y c e a e 0 8 . 0 7 . 0 3 . 0 1 . 0 3 . 0 4 . 0 1 . 3 3 .
D in o p h y c e a e 0 0 .2 0 0 .1 - - - - - -
C r y p to p h y c e a e 0 0 .2 0 0 . 4 0 0 .2 0 0 .1 0 0 .2 0 0 .1 - 0 0 .6
E u g le n o p h y c e a e - - - - - — - -
X a n th o p h y c e a e — — — — *•
C h lo ro p h y c e a e 0 6 . 0 6 .5 0 6 .4 0 5 . 0 4 . 0 2 . 0 3 .2
C y a n o p h y c e a e 7 9 .7 9 0 . 8 1 . 8 9 . 4 7 5 .3 7 8 . 7 3 .
B a c i l l a r i o p h y c  e a e 0 6 . 0 2 . 0 5 . 0 2 . 3 1 0 .2 1 7 .2 1 7 .
C h ry s o p h y c e a e 0 8 . 0 1 . 0 7 . 0 3 . 1 0 . 0 2 .6 0 6 .5
D in o p h y c e a e ■a - 0 0 .1 - - - -
C ry p to p h y c e a e 0 0 .2 0 0 .5 0 0 .4 0 0 .2 0 0 .3 0 0 .1
E u g le n o p h y c  e a e - - - - - - -
X a n th o p h y c e a e - - - - - - -
Table VIII
io n  o f  T o t a l  C e l l  N um bers P e r  C l a s s e s  a t  S t a t i o n s  1 -8
1970 Y early
N D J F H A M J J A Av.
0 4 . 0 2 . 0 3 . 0 7 . 0 4 . 0 5 . 0 7 . 0 4 . 1 2 . 6 .3
9 0 . 8 6 . 7 6 . 5 1 . 8 4 . 4 1 . 4 7 . 6 8 . 8 5 . 73.
0 3 . 0 9 . 1 8 .1 4 0 . 1 0 .6 3 3 . 2 3 . 1 2 . 0 2 . 13 .
0 2 .7 0 2 .6 0 2 .7 0 1 .6 0 0 .8 2 0 . 2 2 .2 1 5 .2 0 0 .7 7 .2
- _ _ - - 0 0 .1 0 0 ,2 0 0 .5 0 0 .1 .1
0 0 .2 0 0 .3 0 0 .1 0 0 .3 0 0 .5 0 0 ,8 0 0 .5 0 0 .2 0 0 .1 .3
0 6 . 0 4 . 0 3 . 1 1 .2 0 3 . 0 7 . 1 6 . 0 6 . 7 .7
8 4 .7 8 4 .6 7 7 .4 1 0 . 2 3 .6 4 3 . 46 . 7 6 .6 6 5 .9
0 6 . 0 7 .2 1 8 .4 4 5 . 4 4 . 2 0 .6 0 9 . 0 2 . 14 .
0 3 . 0 4 . 0 1 . 3 3 . 2 9 . 2 9 . 2 7 .4 1 5 . 12.
- - - — mm 0 0 .1 0 1 . 0 0 .1 .1
0 0 .2 0 0 .1
-
0 0 .6 0 0 .2 0 0 .2 0 0 .4 0 0 .1 .2
mm
0 4 . 0 2 . 0 3 .2 1 0 . 0 7 .1 1 0 . 6 .
7 3 .3 7 8 . 7 3 . 2 1 . 6 9 .1 8 8 .2 74.
1 0 .2 1 7 .2 1 7 , 4 4 .6 1 4 . 0 1 .2 12 .
1 0 . 0 2 .6 0 6 .5 2 4 . 0 9 . 0 0 .3 7 .5
- - mm - 0 0 .1 - -




S t.  3
Table VIZI -  continued
J A s 0
C h lo ro p h y c e a e 0 7 . 0 6 . 0 7 .3
C y a n o p h y c e a e 7 8 .2 7 7 .3 7 7 .2
B a c l l l a r i o p h y c e a e 0 3 .2 0 3 .1 0 3 .2
C h ry s o p h y c e a e 1 1 . 13 . 1 2 .
D ln o p h y c e a e 0 0 .1 0 0 .1 -
C ry p to p h y c e a e 0 0 .3 0 0 ,4 0 0 .1
E u g le n o p h y c e a e
X a n th o p h y c e a e
SU 5 Y. A*
J J A
C h lo ro p h y c e a e 0 9 . 0 2 . if 0 8 . 6 . if
C y a n o p h y c e a e k£. 8 2 .1 7 0 .3 6 if. 6
B a c l l l a r i o p h y c e a e 3 5 . 1 0 .2 0 5 .4 1 6 . 6
C h ry s o p h y c e a e 1 3 .2 0 5 . 1 6 . 1 2 .
D ln o p h y c e a e 0 0 .2 0 0 .1 0 0 .1 .1
C h rp to p h y c e a e 0 0 .  if 0 0 .1 0 0 .1 .2
E u g le n o p h y c e a e - *• **
X a n th o p h y c e a e - - -
N D J P H A
0 5 . 0 9 . 0 6 .3
7 9 .1 6 6 . if 6 6 . if
0 2 .1 1 3 .2 2 1 .
1 3 . if 1 1 .1 0 6 .
0 0 .2 0 0 .1 -
S t. 6 Y.A. S t .  7
J J A J J
2 3 . l i f . 2 0 9 . 1 5 .3 0 9 .3 0 8 .1
1 2 .1 7 i f . l 7 8 .1 5 if.6 l i f .2 6 8 .2
2 7 .2 0 5 .2 0 3 .2 1 1 .6 if 7 . l i f . l
3 6 . 0 6 . 0 9 .3 1 7 .7 2 9 . 0 8 .2
0 0 .2 0 0 .1 - .1 0 0 .1 -





Y e a r ly
J F H A M J J A A v e ra g e
0 9 . 0 6 .3 1 5 .5 0 7 .1 0 8 . 0 6 . 7 .7
6 6 .4 6 6 .4 2 2 .1 5 9 .2 6 7 . 7 8 . 6 6 .9
1 3 .2 2 1 . 3 0 . 2 1 . 0 9 . 0 3 . 1 1 . s t . 4
1 1 .1 0 6 . 3 2 . 1 2 .1 1 5 . 1 2 .7 1 4 .
- - 0 0 .1 0 0 .1 0 0 .3 - _
0 0 .1  ,
‘
0 0 .1 0 0 .3 0 0 .6 0 0 .2 .2
) Y .A . S t, 7 Y .A . S t .  8
A J J A J J A AV,
! 0 9 . 1 5 .3 0 9 .3 0 8 .1 0 5 .1 7 . 1 8 . 1 5 . 0 7 .2 1 3 .3
7 8 .1 5 4 .6 1 4 .2 6 8 .2 8 2 .5 5 5 .5 4 8 .2 6 4 . 62 5 8 .7
! 0 3 .2 1 1 .6 47 . 1 4 .1 0 2 . 2 1 .3 2 2 .4 0 6 . 0 0 .4 9 .7
0 9 .3 1 7 .7 2 9 . 0 8 .2 1 0 . 1 5 .6 1 1 . 1 4 .2 3 0 .1 1 8 .
- .1 0 0 .1 - - _ 0 0 .1 0 0 .1 m
i 0 0 .3 .6 0 0 .2 0 1 .2 0 0 .2 .5 0 0 .2 0 0 .4 - .2
- - - - - - - - _
“■ — — 0 0 .1 — -
J ?
T a b le  IX
Summary o f  P h y to p la n k to n  I n d i c e s  a n d  P ro p o s e d  T r o p h ic  S t a t u s  o f
L ak e  W in n ip e s a u k e e
C h lo ro p h y c e a n  I n d e x
M yxophycean  I n d e x
Diatom  In d ex
E u g le n o p h y te  I n d e x
Compound I n d e x












W in te r
.1 7
T r o p h ic  S t a t u s  
e u t r o p h i c
e u t r o p h i c
o l i g o t r o p h i c
o l i g o t r o p h i c
m e s o t r o p h ic
T a b le  X
summary o f  p h y to p la n k to n  I n d i c e s  and  P ro p o se d  T ro p h ic  s t a t u s f o r  S t a t i o n s 1 -8
1 2 3 4 5 6 7 8
C h lo ro p h y c  ean  

















































E u g le n o p h y te

































E d en o te s  eu troph y 0  d en o te s  o lig o tr o p h y H d en o te s  m esotrophy
FIGURE I
MAP OF LAKE WIITITIPESAUKEE, ITEW HAMPSHIRE
LEGE1TD FOR FIGURE I  
S t a t i o n s :
1 . A lto n  Bay
2 . W o lfeb o ro  Bay
3 . W eirs
if. C e n te r  H a rb o r
3 . W in te r  H a rb o r
r
O# M elv in  Bay
7 . M e re d ith  Bay
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FIGURE 2
MONTHLY VARIATION IN INJM3EES OF CELL,
PER CLASS AT STATION 3
1970
MONTHS
B acllla r iophyceae  — 
Chlorophyceae
C hrysophyceae
C y a n o p h y c e a e
FIGURE 3





























SEASONAL VARIATION III NUMBERS OF SPECIES











5 0 B ecillariophyceae
Chlorophyceae
C hrysophyceae
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MONTHLY VARIATION IN NUMBERS OF CELL.





C y a n o p h y c e a e
1970
MONTHS
1 9 6 9
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FIGURE 6
FASONAL VARIATION III NUMBERS OF CELLS
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C e n te r  H a rb o r  
A lto n  B ay  
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F I GOES 7












6 0 B aclllariophyceae
Chlorophyceae
C hrysophyceae









MONTHLY VARIATION IN  NUMBERS OF CELL-








B ac llla r iophyceae  — ■ 
Chlorophyceae _
C hrysophyceae  » »





























C y a n o p h y c e a e
t r*
J A
1 9 6 9













SEASONAL VARIATION IN NUMBERS OF SPECIES
AT STATION k
B acllla r iophyceae  
C h lorop h yccae —
C hrysophyceae
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B acilla r iophyceae
C hlo rophyceae
C hrysophyceae
C y a n o p h y c e a o
■o*




MONTHLY VARIATION IN  NUMBERS OF CELLS






















C y a n o p h y c e a e
J * J A
FIGURE 13
SEASONAL VARIATION XIT NUMBERS OF CELLS

















SEASONAL VARIATION III NUMBER". OF SPECIE,
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